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THE recent medical literature contains 
many articles which report the efficacy of 
folic acid in the treatment of macrocytic 
anemias,?** the anemias of childhood 
with a megaloblastic bone marrow.’® The 
refractory anemias, and leukopenic states,° 
in the relief of pellagrous glossitis,® and 
particularly in the treatment of pernicious 
anemia.! 

When a well-recommended remedy en- 
ters the therapeutic field, a tendency soon 
develops to look upon it as a non-failing 
curative agent. This is particularly true 
if it is described as a specific drug for a 
specific disease. Many practitioners and 
a host of misinformed laymen believe to- 
day that folic acid is, at least, an unfailing 
medicine for the treatment of pernicious 
anemia.® This is a misconception which 
can lead to disastrous consequences. For 
this reason we report 2 patients with per- 
nicious anemia who relapsed while receiv- 
ing folic acid. 


Case Reports. Case 1. (Duke Unit A 
57768.) A 38 year old salesman, first seen in 
March 1941, complaining of anemia, recog- 
nized 2 years previously. The physical 
examination showed a prematurely graying, 
well developed, well nourished, non-icteric 
man, with a moderate deflection of the nasal 
septum, with a right, indirect inguinal hernia, 
and a mild dermatophytosis of both feet. 
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There was no papillary atrophy of the 
tongue. The neurologic examination was 
entirely normal. The gastric analysis dis- 
closed a complete lack of free HCl after the 
administration of histamine, a total acidity 
of 7°. The blood serology, the urine, the 
blood chemical studies, the basal metabolism 
and the Roentgen examinations of the chest 
and gastro-intestinal tract showed nothing 
abnormal. 

Blood Picture. UHgb., 11.2 gm. (72%); 
RBC, 2,510,000; WBC, 5450; Col.In., 1.44; 
MCV, 130 cu; retics., 4%; platelets normal. 
The patient received 1 cc. of a potent con- 
centrated liver extract intramuscularly each 
day for 10 days. On the 5th day the reticu- 
locytes were 18% of the total red cell count; 
the total blood values and indices were 
essentially the same as on admission. He 
was subjectively improved so that he no 
longer complained of weakness and fatigue. 
He was discharged and was advised to take 
15 units of liver extract intramuscularly 
twice a week for 6 weeks, and oral liver ex- 
tract 1 tablespoonful 3 times daily until his 
blood levels were normal. Since the patient’s 
brother was a practising physician it was 
hoped that this plan of treatment would be 
carried out faithfully. The patient was re- 
admitted to this hospital on May 27, 1946 
because of a return of weakness, fatigabil- 
ity, exertional dyspnea and, in addition, 
soreness of the tongue of 6 months duration. 
He stated at this time that he had discon- 
tinued the use of parenteral liver extract 
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3 years previously, and had taken oral liver 
preparations only sporadically. The gen- 
eral examination showed that he was still 
well nourished; the mucous membranes were 
pale, the skin had a lemon yellow tint. 
There was still no frank jaundice, there was 
no evidence of bleeding, there was no atro- 
phy of the papille of the tongue, the beart 
and lungs were normal, the liver and spleen 
were not palpable; B.P. 100/72. The neuro- 
logic examination showed nothing abnormal. 

This patient responded fairly well to 30 
mg. of folic acid a day; he maintained his 
hemoglobin and red cell levels for 5 months 
on 5 to 10 mg. of folic acid a day, and then 
relapsed. The relapse proceeded despite in- 
creased doses of folic acid. This is shown 
in the following table. 
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weeks duration. He was also short of breath 
on exertion. His appetite was good, and he 
denied gastro-intestinal disturbances. His 
tongue had been sore, off and on, for 
about 2 years, and he had noticed some 
numbness and tingling in the fingers 
and toes for about 3 months. He was pale 
and thin, ‘the sclere were bluish. The 
marginal papille of the tongue were atro- 
phied. The heart and lungs were normal. 
B.P. 110/68. The liver was not palpable, 
but the tip of the spleen could be felt on 
deep inspiration. The vibratory sense (fork 
No. 250) was lost below the knee on the 
right side, and below the ankle on the left 
side. The blood serology, the urine and 
stool were normal. The blood NPN, uric 
acid and Van den Bergh were not elevated. 


TaBLE 1.—Bioop Ceti Data 1 


Hgb. RBC Hem. 
Date (gm.) (mills.) (thous.) (vol.%) C.I (X gm.) (%) 
1946 
5/27 9.8 2.64 4.35 29.0 3.71 
5/31 
6/4 11.0 2.97 4.00 30.2 1.22 
6/21 14.1 4.11 10.00 43.0 1.08 
7/20 16.7 4.52 5.20 46.0 1.20 
9/27 15.7 4.50 5.60 41.0 1.10 
10/31 15.7 4.55 6.80 46.0 1.10 
1947 
1/20 13.2 4.07 2.95 38.0 1.04 
1/29 13.4 3.57 3.80 38.0 1.22 
2/3 12.1 2.90 3.60 32.0 1.32 
2/9 13.2 3.30 6.80 “s 1.14 
2/21 14.8 4.25 5.95 41.0 1.10 


The bone marrow pattern was always’ 


consistent with the severity of the anemia, 
so that megaloblasts were present in abun- 
dance when the anemia was severe, and were 
sparse as the maturation of erythropoietic 
elements took place, and as the anemia sub- 
sided. This patient was discharged from 
the hospital and was instructed to take liver 
extract parenterally, 15 units twice a week 
for 3 weeks, and thereafter once a week or 
once every 2 weeks as necessary to maintain 
normal blood levels. When he was last 
heard from the blood levels were apparently 
normal, as were the indices, and a blood 
smear recently obtained failed to show 
macrocytosis. 

CasE 2. (Duke Unit B 81542.) A 63 
year old unemployed male who was ad- 
mitted to this hospital on June 14, 1946, 
complaining of progressive weakness of 3 


MC 


HC MCV _Retics. 


Treatment. 


37.0 110.0 4.3 


5/29, 10 mg. folic acid t.i.d. 


8.0 
5.0 
3.1 
2.6 
36.6 106.6 3.0 
6/5, 10 mg. folic acid bd. 
34.0 104.0 3.0 
6/28, 5 mg. folic acid q.d. 
36.0 102.0 1.0 
35.0 104.0 1.5 10 mg. folic acid q.d. 
34.0 101.0 2.0 5 mg. folic acid 
32.4 95.0 2.0 15 mg. folic Pl 
32.5 106.0 1.5 
36.0 110.0 1.0 Liver extract, 15 u. a day 
35.0 105.0 12.8 Liver extract, 15 u. twice a week 
37.0 92.0 1.5 


The serum proteins were normal. Roentgen 
rays of the chest and of the gastro-intestinal 
tract were essentially normal, as was the 
electrocardiogram. The gastric analysis dis- 
closed a complete lack of free HCl. 

Blood Picture (June 15, 1946). Hgb., 
4.4 gm. (28%); RBC, 1,210,000; WBC, 4000; 
retics., 7.1%. Anisocytosis and poikilocytosis 
were striking and many macrocytes were 
seen; there were a few erythroblasts (about 
1 per 100 white cells). The differential white 
cell formula was normal. Bone marrow: 
The material obtained by sternal puncture 
was very cellular and the nucleated cell count 
was estimated to be 182,000 per mm.?_ The 
erythroid elements were present in tremen- 
dous numbers and were mostly erythroblasts 
and megaloblasts. The reticulocyte count 
was 8%. 

This patient had never received antiperni- 
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cious anemia therapy. He responded well 
to 30 mg. of folic acid a day, so that the 
reticulocyte count reached 29% on the 
9th day. The hemoglobin and red cell levels 
never approached the adequate normal with 
doses of 20 and 10 mg. of folic acid a day. 
The hematologic relapse occurred after 90 
days, even though the dosage of folic acid 
was increased from 5 to 30 mg. a day as 
shown in the second table. 


treatment for his pernicious anemia, and, 
as far as could be determined, had not 
been treated with liver extract. He re- 
sponded well to the oral administration of 
folic acid. The subjective improvement 
was also satisfactory. However, macro- 
cytosis again persisted and the color index, 
mean corpuscular volume and the mean 
hemoglobin content did not revert to 


TaBLE 2.—BLoop Data Case 2. 


Hgb. RBC WBC Hem. MCHC MCV 
Date (gm.) (mills.) (thous.) (vol.%) C.I. (X 10-"gm.) (cy) (%) Treatment 
1946 
6/15 4.4 1.21 4.0 13.0 1.20 36.4 109.0 7 f 
6/16, folic acid, 10 mg. t.i.d. 
6/20 5.0 1.50 11.9 in 1.06 33.3 113.0 9.6 
6/24 6.1 1.94 20.0 1.02 30.9 103.0 29.1 
6/27 7.5 2.35 4.4 25.5 1.01 31.0 108.0 9.0 F 
6/29 7.6 2.66 4.4 26.0 0.94 28.5 97.7 10.0 Folic acid, 10 b.d. 
7/6, folic acid, 5 mg. b.d. 
7/20, folic wr mg. q.d. 
'29 10.7 3.60 6.5 38.5 0.96 0 107.0 1.5 
9/30 10.0 3.56 6.7 35.5 0.99 99.0 1.5 Folic acid, 5 mg, b.d. 
10/30 8.9 2.85 . 4.9 29.5 1.01 103.0 1.5 Folic acid, 10 t.id. 
11/9 4 2.59 ee! 30.0 1.04 102.0 1.0 Liver extract, 15 u. q.d. 
11/14 10.8 3.46 7.9 35.8 1.00 30.0 103.0 7.5 ‘ 
11/22 3.87 11.0 39.5 0.94 101.0 5.5 Liver extract, 15 u. twice a week 
1947 
129 14.5 4.85 7.2 41.5 1.07 28.0 90.0 1.5 


Discussion. These 2 patients were un- 
doubtedly suffering from pernicious ane- 
mia, and the first patient had been proven 
previously to be responsive, clinically and 
hematologically, to liver fractions effective 
in pernicious anemia. When he relapsed, 
because he discontinued his anti-anemic 
liver extract therapy, he received folic acid 
and had a very satisfactory initial response. 
However, it is evident that the hematologic 
reaction never returned to normal.. Al- 
though the reticulocyte reaction was ade- 
quate, and the red cell count and hemo- 
globin levels rose appreciably, the hema- 
tologic indices never reverted to normal, 
and the macrocytosis persisted. This is 
interesting in view of the reports of the 
efficacy of folic acid in patients with 
macrocytic anemia in relapse.*:? Further- 
more, this patient continued to relapse 
after receiving large and increasing doses 
of folic acid, and then responded beauti- 
fully to 15 units of concentrated liver ex- 
tract a day for 8 days. 

The second patient had never received 


normal. Within a relatively short time, 
this patient relapsed while he was receiv- 
ing 5 mg. and then 30 mg. of folic acid a 
day. He also reacted properly to standard 
amounts of concentrated liver extract 
given parenterally. 

It is apparent that in some patients 
the accepted dosage of folic acid will not 
maintain a hematologic remission. In 
these 2 patients the initial response to folic 
acid was adequate, except for the per- 
sistence of macrocytosis. The continued 
macrocytosis does not necessarily imply a 
relapse. Thirty other patients with per- 
nicious anemia were treated with folic acid 
in this clinic. In these patients, the initial 
reticulocyte response was adequate in 17, 
fair in 10 and unsatisfactory in 3. Macro- 
cytosis, as proven by the appearance of 
the red cells in fresh and stained smears, 
and by the mean corpuscular volume, per- 
sisted in a high percentage of this group. 
This is being reported separately. 

Folic acid, administered by‘ mouth, 
therefore, seems to lack some of the prop- 
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erties of purified liver extract adminis- 
tered parenterally. In 2 patients with 
pernicious anemia studied in this clinic, 
folic acid failed to maintain a remission. 

Summary and Conclusions. 1. Two pa- 
tients are reported, who were suffering 
from pernicious anemia, and relapsed while 
receiving folic acid. 

2. The hematologic response after folic 
acid therapy in these 2 patients was not 
complete insofar that macrocytosis per- 
sisted and the hematologic indices re- 
mained abnormal. 


3. Both patients relapsed while receiv- 
ing what is regarded as adequate folic 
acid therapy. 

4. These 2 patients showed a subse- 
quent satisfactory response to liver extract 
administered parenterally in doses con- 
sidered minimal for the treatment of pa- 
tients with pernicious anemia. 

5. Folic acid in doses generally accepted 
as effective will not prevent a hematologic 
relapse in some patients with pernicious 
anemia. 
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THE DIAGNOSTIC VALUE OF THE STERNAL BONE MARROW PUNCTURE IN 
POLYCYTHEMIA VERA 


By Isaac Hatt Mannine, Jr., M.D., F.A.C.P. 


DURHAM, NORTH CAROLINA 


THE diagnosis of polycythemia vera 
(erythremia) is not difficult when the clini- 
cal manifestations of the disease are well 
advanced, and abnormally high values for 
number of erythrocytes, volume of packed 
red cells and quantity of hemoglobin are 
found in the peripheral blood. In the 
early stages of the disease, however, there 
is no distinct borderline between the upper 
limits of normal values for erythrocytes 
in healthy individuals and the range of 
abnormal: values for early polycythemia 
vera. Until a more exact definition of 
diagnostic criteria for the recognition of 
the early phases of the disease can be 
established, the diagnosis of these early 
cases must often remain speculative until 
the course of the disease reveals its true 
nature. An evaluation of the sternal mar- 
row puncture as an aid in the diagnosis of 
polycythemia vera therefore seemed desir- 
able. 

MarteriAL. ‘The clinical records and 
sternal bone marrow material of the Hema- 
tology Laboratory, Duke Hospital, was 
studied from all patients with the diagnosis 
of polycythemia vera. The cases were 
considered in 3 groups: (1) polycythemia 
vera; (2) suspected polycythemia vera; 
and (3) normal controls. 

In Group 1 there are 22 patients in 
whom the diagnosis of polycythemia vera 
seemed clearly established on the basis of 
clinical, hematologic and other laboratory 
data. Some of this information is tabu- 
lated in Table 1. These patients, in gen- 
eral, had values ranging consistently above 
6,000,000 per c.mm. for erythrocytes, 
above 18 gm. per 100 cc. for hemoglobin, 
and above 50 cc. per 100 ce. for volume 
of packed red cells. The clinical findings 
and course of the disease while under 
observation were thought typical of either 
essential polycythemia with splenomegaly | 


or polycythemia with hypertension (Gais- 
béck’s syndrome). 

Group 2 includes 29 patients in whom a 
diagnosis of polycythemia vera was made 
or seriously considered, so much so that 
several patients in this group were treated 
by venesection or by irradiation using 
“spray” technique. Some of the clinical 
and laboratory data on this group are 
tabulated in Table 2. In most instances, 
however, this group of patients failed to 
maintain values for hemoglobin, number 
of erythrocytes and volume of packed red 
cells which were consistently above the 
upper ranges of normal values during the 
periods under observation. In addition, 
splenomegaly, hepatomegaly, plethoric ap- 
pearance and other clinical features of 
polycythemia vera were often lacking. 
These patients appear to represent a 
mixed, borderline group including indi- 
viduals with early polycythemia vera, 
normal individuals with values for eryth- 
rocytes, hemoglobin and volume of packed 
cells at the upper limits of normal range, 
and individuals with mild erythrocytosis 
of undetermined cause. Patients with 
demonstrable causes for erythrocytosis, 
such as heart disease, pulmonary disease 
and anoxemia from other conditions, were 
excluded from the study. 

Group 3 represents a control group of 
50 normal medical students and techni- 
cians ranging in age from 19 to 35 years. 
The peripheral blood data on this group 
was within normal range. Since the stud- 
ies of several investigators> vary widely 
for normal values for sternal marrow, it 
was felt advisable to establish, for pur- 
poses of comparison, the normal values 
for sternal marrow by the techniques em- 
ployed in this clinic. 


Methods. The technique of sternal bone 
marrow puncture was uniform in all cases, 
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A No. 18 spinal puncture needle was intro- 
duced vertically into the body of the sternum 
between the levels of the second and third 
ribs under procaine anesthesia, and 1 cc. or 
less of sternal marrow was aspirated into a 
dry syringe. Smears were made immediately 
from oxalated marrow specimens in most of 
the earlier cases. Later, smears were made 
directly from fresh marrow from the sternal 
puncture needle at the bedside. The fixed 
smears were stained with a modification of 
Wright’s stain. Counts of the total nucleated 
marrow cells were made and the total values 
of white blood cells calculated. Reticulated 


TaBLe 1.—Summary or Data. 


MARROW PUNCTURE IN POLYCYTHEMIA 


VERA 


counts were made by the wet film technique. 
In almost all cases, the total counts and 
differential counts were made by the same 
experienced hematologic technician. 


The limitations in the technique of 
sternal bone marrow puncture and the 
wide variations and different interpreta- 
tions of the results are too well known 
to require elaboration. It is generally 
conceded that the sternal marrow punc- 
ture offers a safe clinical means by which 
valuable knowledge of bone marrow func- 
tion may be secured. 


INCLUDING PuHysicaL FINDINGS AND MAXIMAL OBSERVED VALUES IN 


THE PERIPHERAL BLoop, IN 22 Cases oF POLYCYTHEMIA VERA 


Vol. 
Plethoric R.B.C. packed W.B.C. 
Case : appear- Spleno- Hepato- Blood (mill. per Hb. cells (thous. per 
No. Sex Age ance megaly megaly pressure c.mm.) (gm.) (%) c.mm.) 
1 M 57 +++ ++++ ++ 110/90 9.95 25.6 58.0 21.35 
2 F 38 ++ ++++ +4+++ 130/100 8.0 21.0 64.0 17.8 
3 F 72 +++ ++ +++ 140/86 8.28 22.5 65.0 20.8 
4 M 52 ++++ 110/62 8.09 26.0 69.7 8.75 
5 M 52 = 118/88 7.66 16.1 53.4 34.0 
6 M 39 ++ — +++ 112/74 6.76 20.8 49.0 10.3 
7 M 65 +++ 125/80 8.5 19.4 58.9 5fi.0 
8 M 47 +++ 0 + 150/82 6.83 21.2 56.7 11.3 
9 M 47 +++ +++ + 132/86 8.75 23.0 80.8 9.0 
10 F 53 + 0 + 230/126 7.0 22.0 63.2 10.44 
ll F 42 +++ + ++++ 236/148 6.64 20.3 64.0 16.0 
12 M 48 ++ +$+++ ++++ 190/128 6.64 20.0 56.0 8.2 
13 M 30 +++ ++++ + 140/90 8.76 25.5 67.6 15.65 
14 M 58 ++++ Tt+r+ ++ 148/86 8.0 21.1 57.7 20.0 
15 M 24 t++4+4+ 0 0 200/120 7.8 20.0 61.0 21.76 
16 M 18 ++ 0 0 120/80 7.03 20.5 56.7 22.8 
17 M 42 +++ 0 + 150/100 6.68 -24.8 75.2 9.8 
18 M 47 +++ 0 + 180/120 6.05 19.0 52.0 19.1 
19 F 45 +++ ++++ +++ 160/80 9.05 25.0 83.9 17.4 
20 F 51 + +4+++ ++++ 110/70 7.04 17.0 §1.23 11.0 
21 M 68 +++ + +++ 148/94 7.79 19.0 60.9 21.8 
22 M 35 +++ 0 0 136/78 6.98 15.5 49.0 17.2 


TABLE 2.—SumMary oF Data, INCLUDING PHysICcAL FINDINGS AND MAXIMAL OBSERVED VALUES IN 


PERIPHERAL Buioop, IN 29 Cases or SusprecTeD PoLycyTHEMIA VERA 
Vol. 
Plethoric R.B.C. packed W.B.C. 
Case appear- Spleno- Hepato- Blood (mill. per Hb. cells (thous. per 

No. Sex Age ance megaly megaly pressure ¢.mm.) (gm.) (%) c.mm.) 
1 M 47 +4 0 0 120/80 6.29 20.2 50.4 9.20 
2 M 41 +4 0 0 140/90 6.49 18.2 53.0 6.49 
3 M 36 + 0 0 110/80 6.0 18.6 57.0 11.30 
4 M 33 + ++ 0 130/78 5.85 17.5 53.0 13.05 
5 M 37 ++ 0 0 120/70 6.64 18.0 51.23 11.55 
6 M 64 +++ + ++++ 160/102 5.77 17.3 af 6.95 
7 M 28 0 0 +++ 138/80 6.01 19.0 47.9 9.4 
8 M 37 0 0 +-+ 130/78 6.06 18.6 47.41 15.45 
9 M 42 0 0 112/50 7.82 17.8 60.0 10.25 
F 38 +++ 0 0 150/90 5.85 19.0 4.4 15.7 

M 55 +++ 0 ++++ 150/85 6.04 18.8 50.0 9.5 

M 65 0 0 0 112/70 6.12 19.0 54.5 11.2 

M 48 ++ ++ +++ 170/110 6.27 19.5 55.0 11.15 

M 38 0 0 0 125/80 5.45 17.2 53.6 10.75 

F 30 ++ 0 0 130/80 6.99 21.0 51.2 12.3 

M 38 0 0 0 134/86 6.31 18.0 50.1 15.52 

M 47 + 0 +++ 140/80 5.56 17.3 a 8.75 

M 43 + 0 ++4++4+ 130/78 6.14 18.4 46.9 18.0 

M 46 ++ 0 ++++ 138/96 5.97 19.2 51.0 13.15 

M 39 0 0 0 130/86 5.28 16.1 48.0 16.5 

M 26 +++ 0 0 126/84 6.58 16.5 50.0 4.75 

M 38 0 0 0 114/70 6.32 19.2 50.0 9.0 

M 39 + + + 130/90 6.12 21.6 57.2 10.6 

M 42 + 0 0 118/80 5.84 17.5 55.0 9.16 

M 32 0 0 0 158/102 5.9 18.4 §2.32 8.3 

M 39 + 0 +++ 120/80 6.09 19.0 49.0 9.1 

M 69 + 0 +4 210/130 5.72 18.0 53.0 11.9 

M 38 + 0 4-4 180/124 6.23 19.1 58.8 9.1. 

M 19 0 0 0 180/120 5.95 19.0 54.5 10.45 
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Resuuts. ‘The morphology of the ster- 
nal marrow of the 3 groups of cases was 
analyzed on the basis of comparative levels 
of total nucleated cells, total white cell 
count, differential counts on the white 
cell series, differential counts on the eryth- 
roid series, myeloid-erythroid ratios, and 
percentage levels of reticulocytes (see 
Tables 1 to 8). 

Absolute counts of marrow cells are 
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microscopic field, or by actual count of 
the nucleated elements. In various hema- 
tologic disorders, the nucleated cells of 
the marrow are found to be increased or 
decreased beyond the average levels found 
in normal individuals. It is of consider- 
able importance for clinical analysis to 
determine whether these variations from 
the normal involve the white cell series, 
the erythroid series, or both. 


TasBLe 3.—Torat Nucieatep Ceti Count in SternaL Marrow IN PotycytHemia VERA, 
SusrpecteD PoLYcCyYTHEMIA, AND NORMAL INDIVIDUALS 


Group 1 


Polycythemia vera polycythemia vera 


Group 2 
Suspected 


Group 3 


Normal controls 


Total nucleated count (% at level (% at level (% at level 
(thous. per ¢.mm.) indicated) indicated) indicated) 
0-10 8.0 3.4 4.0 
31-40 20.0 23.4 24.0 
41-50 16.0 6.6 12.0 
51-60 8.0 16.6 12.0 
61-70. 8.0 10.0 4.0 
71-80 . 0 3.4 6.0 
81-90 . 12.0 0 0 
91-100 . 8.0 6.6 6.0 
101-110 . 4.0 3.4 0 
111-120 . 0 3.4 0 
121-130 . 0 0 0 
131-140 . 0 0 4.0 


TaBLe 4.—TotaL Wuire Count In STERNAL MARROW IN POLYCYTHEMIA VERA, SUSPECTED 
PoLycyTHEMIA VERA, AND NoRMAL CONTROLS 


Polycythemia vera vera Normal controls 
Total white cell count (% at leve (% at level (% at level 
(thous. per c.mm.) indicated) indicated) indicated) 
0-10 11.5 3.3 4.0 
11-20 11.5 23.4 18.0 
21-30 23.1 20.0 20.0 
31-40 23.1 13.4 24.0 
41-50 3.9 13.4 16.0 
51-60 7.6 10.0 4.0 
61-70 11.5 3.3 0 
71-80 3.9 6.6 10.0 
81-90. 3.9 0 0 
91-100 . 0 6.6 0 
101-110 . 0 0 2.0 
111-120 . 0 0 0 
121-130 . 0 0 2.0 
131-140 . 0 0 0 


subject to wide fluctuations due to techni- 
cal reasons, even in normal individuals, 
and are generally conceded to be of little 
value. To judge hyperplasia of the bone 
marrow cells, some reliance must be placed 
on the relative members of nucleated cells 
in the marrow specimen, whether this be 
based simply on visual impressions of 
number of nucleated cells in studying a 


Comparative studies of the total nucle- 
ated cells and of the total white cells are 
tabulated respectively in Tables 3 and 4. 
Study of Table 3 shows no great differences 
in the 3 groups of individuals as far as the 
total nucleated counts in the sternal mar- 
row are concerned. The percentage ranges 
are comparable. In the poleythemia vera 
group 60% had total nucleated cells below 
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50,000 per c.mm. of sternal marrow as 
compared with 68% in the controls and 
56.6 % in the borderline group. The maxi- 
mum recorded level in the polycythemia 
group was 107,000 nucleated cells per 
c.mm. as compared to 138,000 in the nor- 
mals and 120,481 in the borderline group 
There is no evidence in these cases that the 
total number of nucleated cells per c.mm. 
in the sternal marrow of patients with 
polycythemia vera varies in any significant 
way from the normal range. 

Study of Table 4 reveals no appreciable 
significant differences in the range of total 
white cells per c.mm. in the sternal mar- 
row of the 3 groups. The polycythemia 
group and the borderline group had 73.1 
and 73.5% respectively with total white 
counts of 50,000 or less per c.mm., of 
sternal marrow whereas 82% of the nor- 
mal group were within this range. The 
maximum white count recorded in the 
normal group was 121,440 per c.mm. as 
compared with maximums of 100,000 in 
the borderline group and 81,320 in the 
polycythemia vera group. The studies 
tabulated here would seem to indicate 
that there is no relative increase in the 
total number of white blood cells per 
c.mm. of sternal marrow in polycythemia 
vera. 

Analysis of the differential counts of 
the white blood cell series in the sternal 
marrow of the 3 groups (Table 5) reveals 
rather striking similarities both in regard 
to percentage range and average percen- 
tages. The only significant difference 
between the control group and the poly- 
cythemia vera group is in the percentage 
of segmented neutrophils. These cells are 
more numerous in the polycythemia group, 
apparently with a slight reduction in 
the percentage of “undifferentiated” and 
neutrophilic myelocytes, as compared with 
the normals. As might be expected, the 
borderline group of cases shows average 
values intermediate between those of the 
normals and the polycythemia group. 
These findings would seem to be in accord 
with the neutrophil leukocytosis so com- 


monly found in the peripheral blood of 
patients with polycythemia vera. 

Differential studies on the erythroid 
series (Table 6) reveal a moderate but 
definite increase in the average as well 
as the range of values for erythroblasts 
per 100 white cells counted in the poly- 
cythemia group as compared to the nor- 
mals. The borderline group again oc- 
cupies an intermediate position. This 
would appear to indicate a moderate in- 
crease in the activity of the erythroid ser- 
ies at the erythroblastic level in the poly- 
cythemia vera group, and to a less extent, 
in the borderline group. Average values 
for the other nucleated erythroid elements 
are not significantly different. In general, 
the total number of nucleated red cells 
per 100 white cells is significantly elevated 
in the polycythemia group as compared 
to the normal group, as shown by an 
average figure of 31.7 nucleated red cells 
per 100 white cells counted in the poly- 
cythemia group as.compared to 15.76 in 
the normal group, and 21.2 in the border- 
line group. Further evidence of a moder- 
ate but definite increases in the activity 
of the erythroid series in polycythemia 
vera is found in Table 7, indicating a 
generally higher average level of reticulo- 
cytes in the sternal marrow of polycythe- 
mia vera than in that of normal indi- 
viduals. 

Study of the myeloid-erythroid ratio in 
the 3 groups (Table 8) reveals a definite 
rise in the proportion of erythroid cells to 
myeloid cells in the polycythemia vera 


group. In this group 56% of the patients _ 


showed myeloid-erythroid ratios of 2.9:1 
or below as compared with 14.2% at this 
level or below in the normals and 25.8% 
in the borderline group. Taking 4 or 5 
to 1 as the usual adult ratio, 76% of the 
polycythemia group are found to have 
ratios lower than 4.9:1, as compared with 
61.3% in Group 2 and 42.6% in the nor- 
mals. The range of myeloid-erythroid 
ratios in the normal controls was greater 
than in either of the other 2 groups, pos- 
sibly to be attributed to the lower average 
ages of the group. 
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Megakaryocyte values could not bedeter- row in these groups, it seems apparent 
mined satisfactorily on smears made from that certain definite patterns may be 
oxalated marrow. Instances with ex- found in the sternal marrow of patients 
tremely large numbers of megakaryocytes with polycythemia vera: (a) The bone 
in the marrow have been recorded,! but marrow as obtained from the sternum 
this is not a constant finding. Increase in may be and frequently is entirely within 
the platelets of the blood was not noted the limits found in healthy normal indi- 
in any of the cases studied in Groups lor 2. viduals, suggesting that the bone marrow 

Discussion and Conclusions. On the actually is entirely normal or, if hyper- 
basis of the study of the sternal bone mar- __ plasia exists, there is no variation from 


TABLE 5.—ANALYSIS OF DIFFERENTIAL PERCENTAGES OF WHITE BLOoD CELLS IN POLYCYTHEMIA VERA, 
Suspectep PoLycyTHEMIA, AND NORMAL CONTROLS 


Group 1 _ Group 2 Group 3 

Polycythemia Suspected Normal 

vera polycythemia controls 
Average Range Average Range Average Range 
Polymorph neutrophil, segs. . 44.3 22-80 36.47 18-55 31.9 13-55 
Polymorph neutrophil stabs. 15.2 2-32 16.68 1-25 17.9 2-44 
Polymorph neutrophil juveniles 9.2 0-22 10.71 1-23 11.8 1-21 
Polymorph eosinophil 0-7 2.46 0-8 2.9 0-15 
Polymorph basophil. . . 0.76 0- 2 0.41 2 0.44 0- 2 
Myelocytes, “‘undifferentiated” 2.5 0-17 2.22 0-5 5.96 0-15 
Myelocytes, neutrophil . . 3.8 0-19 3.65 0-13 8.0 0-16 
Myelocytes, eosinophil . 0.57 0- 2 0.78 0-6 0.66 0-1 
Myelocytes, basophil: . 0.04 0-1 0.19 0- 3 0.06 0-1 
Myeloblasts .. ‘ 1.2 0- 3 0.72 0- 3 1.46 0-4 
Lymphocyte, smal ; 11.6 0-31 17.33 8-38 14.08 2-35 
Lymphocyte, large . . 2.3 0-9 4.81 0-20 3.36 0-11 
Lymphocyte, early : 0.07 0-1 0.12 0-1 0.02 0-1 
Monocyte Z ‘ 2.1 0- 6 2.84 0-6 2.80 0-11 
Monoblast 0.04 0-1 0 0 0.02 0-1 
Plasma cell . I 0.31 0-5 0.53 0-7 0.18 0- 3 


TaBLE 6.—NucLeatep Rep BLoop CELLS PER 100 Ce_ts In Marrow oF Poty- 
CYTHEMIA VERA, SUSPECTED PoLYCYTHEMIA, AND NoRMAL CONTROLS 


Group 1 Group 2 Group 3 
Suspected 

Polycythemia polycythemia Normal 

vera vera controls 
Average Range “Average Range Average Range 
0-12 2.38 0- 6 2.28 0-31 
Erythroblasts . 28.2 1-69 18.29 5-71 13.2 3-43 
Megaloblasts . 0.2 0-2 0.53 0-16 0.26 0-2 
Hemohistiocytes . 0 0 0 0.02 0-1 


TaBLeE 7.—PERCENTAGE oF RETICULOCYTES IN STERNAL Marrow oF PoLycyTHEMIA VERA, 


Suspectep PoLycyTHEMIA, AND NorMAL CONTROLS 


Group 1 Group 2 Group 3 
Suspected 
Polycythemia polycythemia Normal 
vera vera controls 
Average Range Average Range Average Range 
Siem) 0-6 2.60 0.5-10 1.87 0-6 


Tasie 8.—THe Ratio or SteRNAL Marrow IN PoLycyTHEMIA VERA, 
PoLYcyTHEMIA, AND NorMAL CoNnTROLS 


Suspected 


Polycythemia vera polycythemia vera! Normal controls 
Myeloid-erythroid (% at leve (% at level (% at level 

ratio indicated) indicated) indicated) 
“as 0 0 0 
1-1.9:1 . 28.0 12.9 6.1 
2-2.9:1 . 28.0 12.9 8.1 
3-3.9:1 . 8.0 12.9 18.2 
4-4.9:1 12.0 22.6 10.2 
5-5.9:1 . . 12.0 12.9 10.8 
6-6.9:1 . 0 9.7 6.1 
8.0 3.2 10.2 
8ormore:l] . . > 4.0 12.9 30.3 
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the normal in the proportions of the cellu- 
lar elements. (b) The bone marrow fre- 
quently shows definite variation from the 
normal in the proportions of cellular ele- 
ments, 2. ¢., an increase in the number of 
nucleated red blood cells per 100 white 
cells counted, particularly in the number 
of erythroblasts, an increased number of 
reticulocytes, an increase in the propor- 
tion of erythroid cells to myeloid cells, 
and an increase in the relative numbers 
of segmented neutrophils. It is probable, 
but not a certainty, that the sternal mar- 
row myelogram in these cases is represen- 
tative of marrow cellular patterns in other 
locations in the body, but this can be 
determined only by adequate simulta- 
neous examination of bone marrow from 
different locations in the body and remains 
a problem for further study. 

Since there is no satisfactory means of 
determining the total volume of the bone 
marrow in living subjects, a clinical diag- 
nosis of hyperplasia of the bone marrow 
in polycythemia vera can be made only 
by the demonstration of variations in the 
cellular morphology of the marrow sug- 
gesting hyperactivity, or by the demon- 
stration of red bone marrow in locations 
where it does not normally appear in 
adults. The latter method is not clini- 
cally practical during the patient’s life- 
time. The marrow examination therefore 
seems to have diagnostic value in poly- 
cythemia vera only when the above-men- 
tioned pattern (b) exists. This pattern, 
however, occurs with sufficient frequency 
to be of practical diagnostic value when 
present. 

In the polycythemia vera group of 
22 cases, 8 (Cases 1, 2, 4, 5, 9, 12, 14 and 
15) showed a pattern believed to be char- 
acteristic of polycythemia vera when 
present, consisting of values of nucleated 
red cells of 20 or more, reticulocyte counts 
of 2% or higher and myeloid-erythroid 
ratios of 3:1 or below. In 5 of these 
8 patients the nucleated red cell count 
per 100 white cells was above 40. In the 
remaining 14 cases of polycythemia vera, 


1 or more components of the pattern were 


found in 9 cases as follows: nucleated red 
cell counts of 20 or more per 100 white cells 
were counted in 4, reticulocyte counts of 
2% or higher in 4, and myeloid-erythroid 
ratios below 3:1 in 2 instances. 

In the borderline group of 29 cases, no 
case presented the complete characteristic 
pattern, but nucleated red cell counts of 
20 or more per 100 white cells counted 
were found in 8, reticulocytic counts of 
2% or higher in 9, and myeloid-erythroid 
ratios of 3:1 or below in 6. In the control 
group of 50 cases, the. complete pattern 
was found in 3 cases only, and in 1 of these 
the increased nucleated red cell count 
was attributed to an increase in normo- 
blasts rather than erythroblasts, the cause 
for which was not apparent. In 7 other 
control cases, nucleated red counts of 20 
or more per 100 white cells counted were 
found, but in only 2 of the 7 cases were 
counts exceeding 30 found. Reticulocyte 
counts of 2% or higher were found in 
7 control cases, and myloid-erythroid- 
ratios of 3:1 or below occurred in 4 in- 
stances. 

In individuals with values for hemoglo- 
bin, erythrocytes and volume of packed 
cells above the normal range for-healthy 
individuals and in whom causes of secon- 
dary erythrocytosis can be excluded, the 
finding in the sternal marrow of a count 
of 20 or more nucleated red blood cells per 


. 100 white cells, principally consisting of 


erythroblasts, a reticulocyte count of 2% 
or higher, and an increased ratio of eryth- 
roid cells to myeloid cells (myeloid-eryth- 
roid ratio of 3:1 or lower) should suggest 
a diagnosis of polycythemia vera. The 
presence of an increased percentage of 


‘segmented neutrophils is also helpful in 


the diagnosis. It is to be stressed, how- 
ever, that the examination of the sternal 
marrow in polycythemia vera is a useful 
diagnostic supplement only, and that these 
variations from normal are of value when 
supporting polycythemic changes found 
in the peripheral blood. 

Summary. 1. Comparative studies of 
marrow material obtained by sternal bone 
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marrow puncture in 22 cases of polycy- 
themia vera, 29 cases of suspected poly- 
cythemia, and 50 normal individuals were 
made in an effort to determine whether 
recognizable abnormalities in the sternal 
marrow were present or not. 

2. No significant differences were found 
in the total counts of nucleated cells or of 
white blood cells in the 3 groups. 

3. Significant increases in the average 
values of segmented neutrophils, nucleated 
red blood cells, particularly erythroblasts, 
and reticulocytes were found in the sternal 
marrow. of the polycythemia vera group, 
as compared with the normal group, with 
intermediate increases in the group of 
borderline cases. 

4. The ratio of erythroid to myeloid 


cells was frequently increased in the poly- 
cythemia vera group. 

5. A diagnosis of polycythemia vera 
should be suggested by a sternal bone 
marrow cellular pattern in which the 
values of nucleated red cells, principally 
erythroblasts, exceeds 20 per 100 white 
blood cells counted, in which the value 
of reticulocytes exceeds 2% and the value 
of myeloid-erythroid ratios is below 3:1 
in individuals with values of hemoglobin, 
erythrocytes and volume of packed red 
cells above the upper limits of normal for 
healthy individuals and in whom causes 
of secondary erythrocytosis can be ex- 
cluded. Polycythemia vera may, however, 
exist with entirely normal bone marrow 
morphology. 


I wish to express my appreciation to Dr. O. C. Hansen-Pruss and the other members of the Hematol- 
ogy Laboratory, Duke Hospital, for their codperation and help in this study. 
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OBSERVATIONS on the medical service 
of the Indiana University Medical Center 
have led to the study of anemia and dia- 
phragmatic hernia. ‘That anemia is a 
symptom of this clinical condition has 
been appreciated, but the relative fre- 
quency of this clinical finding has not 
until recently been known. The work of 
Murphy in 1942, reporting 47 cases of 
anemia in a series of 67 cases, a total of 
66.7 %, stimulated the study of anemia in 
this series. 

Historicau. The literature since 1920 
shows a gradually increasing number of 
articles referable to diaphragmatic hernia 
and anemia. The condition of diaphrag- 
matic hernia through the esophageal hiatus 
has become a clinical entity, and it is a 
frequent observation that a secondary 
anemia or history of gastro-intestinal 
bleeding may occur in the course of a 
persistent or recurrent hiatus hernia. 
However, the frequency with which ane- 
mia is associated, or the percentage in 
which it is seen in reported series of dia- 
phragmatic hernia, bas not until recently 
been the subject of clinical reports. 

In the Annals of Surgery in 1918, Wil- 
liam A. Downes? reported a case of a 
7 year old boy with a thoracic stomach 
who had a red blood count of 3.4 million 
and a hemoglobin of 65%. There were 
no remarks concerning the anemia but, 
outside of the traumatic herniz associated 
with the war surgery, this case report is 
one of the first which mentioned the blood 
count in association with this condition. 
In the same journal, the next year, A. L. 
Soresi®® reported 3 cases, 2 traumatic, in 
soldiers, and 1 non-traumatic in a 19 year 
old girl. The statement concerning the 


girl was that her chief complaint was an 
anemia which was unexplained on the 
basis of visible blood loss. In the early 
1920’s, L. Frank® reported 1 case without 
a history of bleeding which showed a 
dimunition of red corpuscles and a hemo- 
globin of 17%. No further statement was 
made concerning the anemia. Portis and 
Portis in 1920 reported 1 case of dia- 
phragmatic hernia and in the discussion 
of the case reported hematemesis was also 
a symptom of this condition. 

In 1929, E. P. Richardson reported 
anemia in 3 of the 5 cases operated, but 
we do not have the total number of cases 
which were used to choose those which 
were operated upon. Segal,!® in 1931, 
reported 5 cases with symptoms of anemia 
only, and 5 cases of gastro-intestinal symp- 
toms also, concluding that in the symp- 
tomless case of secondary anemia it is 
important to look for a diaphragmatic 
hernia. Weitzen,” in 1932, reported the 
cases of severe anemia found in Harring- 
ton’s operated series of 30. In 1933, 
K. D. Gardner’ reported 22 previously 
published and 6 previously unpublished 
cases of diaphragmatic hernia with ane- 


mia. He stated that hernia was the 


primary factor in anemia in 8 cases and 
that true peptic ulcer was a complicating 
factor in 5. In the anemia of the other 
12 cases, he allows only the supposition 
that the anemia was caused by the hernia. 
Bock, Dulin and Brooke! in their 10 cases 
of hernia with anemia substantiated the 
hernia as the cause of the anemia by 
autopsy findings in 2, and operative find- 
ings in 3, 50%. Winans,” in reporting 
the syndrome of kyphosis, gastric hernia 
and anemia, states that, from considera- 
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tion of his cases, gastric hernia must be 
listed and looked for as a cause of per- 
sistent hypochromic anemia. The French 
literature has several articles which refer 
to a form of diaphragmatic hernia spoken 
of as the anemic form. The number of 
instances of cases of anemia in diaphrag- 
matic hernia, with or without the history 
of bleeding, are reported but the incidence 
is not found. 

CuintcaL. The incidence of hiatus 
hernia has been variously reported in dif- 
ferent series as between 2.4 and 9% of 
routine series of Roentgen ray examina- 
tions of the gastro-intestinal tract. Har- 
rington found that in 5% of 100 consecu- 
tive laporotomies he was able to palpate 
or to put 3 to 4 fingers into the hiatal 
aperture, and concluded that this _per- 
centage could have a diaphragmatic her- 
nia. The condition occurs twice as fre- 
quently in females as in males, this being 
correlated in all of the series of cases 
reported. 

The etiology of hiatus hernia is a large 
aperture in the diaphragm which may be 
either congenital, traumatic or a poten- 
tially large aperture in one of the hiatal 
openings plus weakened musculature about 
the hiatus. Granting that traumatic and 
congenital hernize of the diaphragm are 
responsible for a part of the incidence of 
this disease, it has been shown more fre- 
quently in recent years that the greater 
percentage of cases of diaphragmatic her- 
nia occur because of a potentially large 
hiatal ring affected by weakened muscu- 
lature and nervous or pressure influences 
upon this potential opening. It is an es- 
tablished fact that persistent irritation of 
the vagus causing contraction and subse- 
quent shortening of the esophagus on a 
traction basis produces some of the small 
esophageal hiatus herniz, especially of the 
recurrent type, and that increased intra- 
abdominal pressure as pregnancy, consti- 
pation, adiposity, or external blows on the 
abdomen may cause a pulsion type of 
hiatus hernia. 

The etiology of anemia in diaphragmatic 
hernia is the loss of blood from the gastro- 


intestinal tract. In most cases, congestion 
or erosion of the gastric mucosa: occurs 
proximal to the constricting ring of the 
hernia. Occasionally actual ulcers found 
in the mucosa of the herniated gut have 
been reported at postmortem, at operation 
and at gastroscopy. However, there seem 
to be as many cases of hernia without 
evidence of active bleeding as there are 
those which show the bleeding points. 
The French authors postulate the etiology 
of the anemia in the absence of actual 
bleeding points on the inability to absorb 
iron or on some change in the extrinsic 
factor responsible for a hypochromic ane- 
mia. Dyke and Dyas’ report extraordi- 
nary response togiron therapy in their 
cases which would_be against Goodall and 
Hoyt’s assumption of bleeding from the 
gastric mucosa and more for Gardner’s 
obscure changes giving deficient absorp- 
tion of iron. Most of the literature from 
this country explains anemia in diaphrag- 
matic hernia on hemorrhage and _ asso- 
ciated ulcers or slow blood loss due to a 
congested mucous membrane. 
The clinical manifestations of diaphrag- 
matic hernia may be protean or absent. 
The symptoms and clinical picture depend 
upon the morbid anatomy in each case. 
The symptoms depend upon the degree 
and the disturbance of function of nearby 
organs. There may be thoracic, abdom- 
inal, or constitutional symptoms, the latter 
which are on the basis of anemia, and 
which are occasionally associated with the 
disease. The symptoms are intermittent 
and usually not progressive. The gastro- 
intestinal symptoms are often vague in 
early and middle life but become persistent 
in later life, as the relaxation in the mus- 
culature about the hiatal ring increases. 
Gastro-intestinal symptoms vary and may 
simulate ulcer, gall bladder disease, cardia 
spasm and other similar abdominal condi- 
tions. The thoracic symptoms, when they 
occur, are anginal in character and may 
simulate true angina pectoris. The angina 


occurs after meals or on exertion or on 


lying down with a full stomach. Dyspnea, 
perspiration, vertigo, bradycardia and exe 
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trasystoles are other symptoms referable 
to the thoracic group of complaints. 
Considering the general symptoms of 
hiatus hernia, it is to be remembered that 
frequently this finding is incidental and 
not the cause of the patient’s illness. This 
was most strikingly shown by Harrington” 
who reported cholecystitis, peptic ulcer, 
diverticulitis and carcinoma of the stom- 
ach or esophagus as associated conditions. 
However, he also reported that of the 
60 cases operated in his series between 
1925 and 1933, 29 had been treated for 
gall bladder disease with 13 having had 
gall bladder operations; 23 had been 
treated for stomach trouble; 18 had been 
treated for ulcer; 7 had been treated for 
heart disease, 4 of whom had angina pec- 
toris; 7 had been treated for secondary 
anemia; 4 for intestinal obstruction and 
10 had been treated for esophageal ob- 
struction. The general symptoms of this 
disease are pressure in the epigastrium 
on eating, spasm in the esophagus causing 
retrosternal pain and easy vomiting which 
induces relief. Vague epigastric distress 
or substernal distress after a meal may 
radiate to the back or to the left shoulder. 
Heartburn and postprandial distress are 
severe and there may be pain on lying 
down or on stooping. The epiphrenal 
syndrome of von Bergmann is quite char- 
acteristic of this disease; the fullness after 
a heavy meal and vomiting versus no 
trouble on the taking of small amounts 
of food should make one consider such a 
diagnosis. There may be gross hematem- 
esis and severe melena if bleeding is pres- 
ent and severe. The symptoms may occa- 
sionally be confused with a functional 
neurosis or the menopausal syndrome. 
History of hemorrhage from the stom- 
ach, though it is one of the less common 
symptoms, is one which deserves much con- 
sideration and evaluation. Not all of the 
cases of hernia have hemorrhage or hema- 
temesis as a symptom and not all of these 
are anemic, but, when hemorrhage is severe, 
exsanguination and shock may mean the 
immediate treatment of any bleeding pep- 
tic ulcer. With a history of hemorrhage, 


it is important to ascertain whether there 
is occult blood in the stool so that one can 
determine whether the anemia is due to 
unrecognized bleeding. Eisen,‘ in his re- 
view of the literature of esophageal hiatus 
hernia, states that secondary anemia asso- 
ciated with hematemesis or melena is 
occasionally present, but that the anemia 
may come on in intermittent attacks and 
symptoms of the anemia may be present 
at one period and absent at another time. 
Segal,!® in an article reporting secondary 
anemia associated with diaphragmatic 
hernia, stated that there were over 400 
articles on hiatus hernia in the literature 
but only approximately 10 which noted 
anemia as one of the symptoms or com- 
plications. Weakness, anorexia, pallor, ex- 
ertional dyspnea are usually the consti- 
tutional effects produced by the secondary 
type of anemia seen in this hernia. The 
bleeding may be frank hematemesis or 
melena, or it may be insidious and found 
only by chemical analysis of the stool or 
gastric contents. When anemia is present, 
it is important to rule out associated dis- 
orders in other parts of the gastro-in- 
testinal tract which may be of more 
importance than the hernia. Murphy“ 
was the first to include or report cases of 
pernicious anemia in his series of dia- 
phragmatic hernia. No other mention in 
the literature is made of the pernicious 
anemia, all cases reported being of a 
secondary hypochromic type. He does 
state that the gastric analysis is not a 
reliable test in herniz because the tube 
may not be completely swallowed into the 


stomach and no free gastric acidity found. © 


Also, trauma in passing the stomach tube 
may give a false positive Gregerson test 
and give an incorrect interpretation of 
bleeding by this method. 

REPORTED SERIEs. The reported series 
is a compilation of the cases which were 


found in the medical records of the Indiana - 


University Medical Center coded as dia- 
phragmatic hernia. There were very few 
cases found in comparison to the reported 
incidence of this condition because it is 
believed the incidental finding of a hiatus 
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hernia escaped coding where there was a 
more important primary diagnosis. To 
include as many cases as possible, the files 
of the Roentgen ray Department were 
also inspected, and cases having films re- 
ported as showing a diaphragmatic hernia 
were also included in the series. A total 
of 41 cases are reported in which the 
evaluation of anemia was made. There 
were 27 females and 14 males, which is in 
accord with the accepted predominance 
of females over males. The ages ranged 
from 3 weeks to 75 years. There were 
3 cases under 5 years of age, 1 between 5 
and 10, 2 between 10 and 20, 1 between 
20 and 30, 3 between 30 and 40, 7 cases 
between 40 and 50, 8 between 50 and 60, 
9 between 60 and 70 and 7 over 70. The 
average age in this series was 50.3 years. 

Thirty of the cases showed herniation 
of the stomach alone, the other 11 cases 
having herniation of the stomach plus 
other abdominal viscera; colon, spleen, 
omentum, small intestine or combinations 
of the abdominal organs. 

Thirty-four of the cases showed the 
herniation through the esophageal hiatus, 
2 were found to be herniation through the 
foramen of Morgagni and 5 were due to 
large defects in the posterior leaf of the 
left diaphragm communicating with the 
esophageal hiatus. 

Clinically, our cases have been divided 
into those patients who were admitted to 
the hospital for treatment of a known 
diaphragmatic hernia and those who were 
admitted for other causes where the hernia 
was an incidental finding or a secondary 
diagnosis. There were 28 cases admitted 
primarily for diaphragmatic hernia and 
13 cases admitted for other causes. Be- 
cause the hospital is a state institution 
and accepts a large number of referred 
cases for specific therapy, there is a higher 
incidence of cases admitted primarily for 
diaphragmatic hernia than is reported by 
other authors. According to other work- 
ers, there should be a higher incidence of 
hiatus hernia found coincidentally with 
other disease or as an incidental finding 
in routine gastro-intestinal work-ups. 
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In our series, the etiology was consid- 
ered to be a traumatic episode, auto acci- 
dent, causing a pulsion hernia in 3 pa- 
tients. The etiology in 4 patients was 
definitely congenital in origin, all occurring 
in young children. The other 34 cases 
could not be assigned a definite etiology 
from a survey of the records and must 
be assumed to be due to an enlarged hiatus 
ring with or without weakened muscula- 
ture about the hiatal orifice. 

Thirty patients in the group under 
investigation had definite symptoms refer- 
able to the hiatus hernia. These were at 
times not the only symptoms complained 
of and sometimes not the most important, 
but in all of the 30 cases complaints refer- 
able to a diaphragmatic hernia were listed 
in the medical record. Eight patients had 
no symptoms referable to a defect in the 
diaphragm and the finding was only inci- 
dental during the period of hospitalization. 
Three cases were excluded in the evalua- 
tion of symptomatology because the 
history was discounted in the face of gen- 
eralized advanced carcinoma of the abdo- 
men. The hernia is found associated with 
many other clinical conditions and, in our 
series, pregnancy, gall bladder disease, 
asthma, hypothyroidism, peptic ulcer, 
hemorrhoids, coronary disease, fractured 
vertebree and von Recklinghausen’s dis- 
ease were some of the primary diseases 
with the hernia as the associated condition. 

Treatment of the diaphragmatic hernia 
was a medical management or no specific 
therapy in 22 of our cases; 19 were sub- 
jected to operative procedure, the surgical 
repair being complete in 9 and apparently 
successful. Three other cases have had 
recurrences. In 6 cases it was impossible 
to make a satisfactory closure of the large 
defect in the diaphragm, and the hernia 
was still present postoperatively. There 
was 1 postoperative mortality. 

Anemia in diaphragmatic hernia is ex- 
tremely variable and so statistics have 
been compiled in 2 categories to better 
evaluate a definite relationship or only an 
occasional association in this condition. 
Some authors have reported a history of 
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bleeding or known blood loss in their ser- 
ies of cases of esophageal hiatus hernia. 
Notable among these are Akerlund, Har- 
rington, Jones, Sahler and the Massachu- 
setts General Hospital series reported by 
Hapton and Sahler. Sahler and Hapton,"” 
in the American Journal of Roentgenology 
_in 1943, compiled various statistics from 


TABLE 1.—HIstTory oF BLEEDING 


Cases 
Total with 
eases bleeding showing 


Authors reported history bleeding 
Akerlund 64 3 4.7 
Harrington . 30 8 26.6 
Hedblom 10 2.5 
Mass. Gen. Hosp. . 221 28 12.6 
Sahler 9 3 33.3 
Jones, C. M.: 

Small 91 22 24.0 
Large . : 37 6 16.2 
I. U. Med. Center 41 8 19.5 


the literature. They stated that Akerlund, 
in 64 cases, had 3 who vomited blood or 
had obvious bleeding and that this was 
the first correlation between hiatus hernia 
and bleeding. Hedblom," in 1925, re- 
ported 19 cases from the Mayo Clinic 
series and collected 378 additional cases 
from the literature and, in describing the 
syndrome, mentioned that in the Mayo 
series, hematemesis was the most promi- 
nent symptom in 2 and in the cases col- 
lected from the literature, 8 complained of 
hematemesis. Boch, in 1929, was the first 
American to emphasize gastro-intestinal 


hemorrhages and hiatus hernia. Harring- - 


ton,® in 1930, reported 30 cases, 8 of which 
had hemorrhage from the stomach. Of 
91 cases with a small hernia, reported by 
Jones, 22 had a history of bleeding and, 
by the same author, 6 of 37 with large 
herniz had bleeding. Sahler reported 
3 cases of bleeding out of 9 herniz found 
in his 100 consecutive gastro-intestinal 
Roentgen ray series. The Massachusetts 
General Hospital series of 221- cases, be- 
tween 1930 and 1940, showed 12.6%, or 
28 having a bleeding history. In our 
series of 41 cases, 8 had a positive history 
of hematemesis or melena which is 19.5% 
of the total group. 

The second category is those series of 
cases which report anemia pcr se irrespec- 
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tive of the history of bleeding or blood 
loss. Some patients have hematemesis 
and do not show an anemia; some patients 
have hematemesis and anemia and some 
patients have an anemia and no symptoms 
of blood loss. A group of the same investi- 
gators who were shown in the above group- 
ing are again listed as reporting the inci- 
dence of anemia. Though some of the 
series of cases were the same, the incidence 
of anemia here is different than the inci- 
dence of bleeding listed above. Ernstene,* 


TABLE 2.—ANEMIA IN DIAPHRAGMATIC HERNIA 


Total No  % 
cases of having having 
Author hernia anemia anemia 
Harrington . ... 60 7 
Ernstine and McGurl 59 2 3.4 
Levy and Dugan... 26 1 3.9 
Gilbert, Dey and Rall 45 3 6.3 
Held and Goldbloom . 13 4 30.8 
Murpoy «... . 67 47 66.7 
Mass. Gen. Hosp. . wa 27 12.2 
I. U. Med. Center. 41 11 26.8 


in 1940, reviewed 59 cases of esophageal 
hiatus hernia and found 2 with hypo- 
chromic anemia. Levy and Duggan," ob- 
serving 26 cases, found only 1 with ane- 
mia. W. P. Murphy," in 1942, reported 
a series of 67 cases, each with a blood 
examination; 7 cases showed a macrocytic 
type of anemia and 40 showed a secondary 
anemia, which gave 66% of his cases with 
a hemoglobin of less than 12 gm. or a red 
blood count of under 4 million. In Har- 
rington’s 60 operated cases between 1925 
and 1933, 7 (11.7%) had anemia. Gil- 
bert, Dey and Rall® had an anemia in 3 
of their 48 cases, and Held and Gold- 
bloom!” showed an anemia in 4 of their 
13 cases. The report of the Massachusetts 
General Hospital in its series of 221 cases 
was surveyed and 27 of that group had an 
anemia. In our own series there were 
11 patients who had an anemia and 30 
who had a normal blood count, which 
gave an incidence of anemia of 26.8%. 

In attempting to evaluate the anemia 
in diaphragmatic hernia in our series of 
41 cases, we first had to set a standard 
which could be called a normal blood count 
for the locale from which this group of 
patients had come. It was found that 
males with a hemoglobin above 12 gm. 
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and a red blood count of over 4 million 
would have to be considered normal. For 
the females, a hemoglobin above 11 gm. 
and a red blood count above 3.5 million 
was considered normal. From this stan- 
dard we evaluated the state of the blood in 
our cases and found that 30 of the patients 
had a normal blood count and/or hemo- 
globin. The 11 cases which showed an 
anemia were all secondary anemias, some 
a normochromic and some a hypochromic 
type. There was no evidence of a macro- 
cytic type in any of the patients who had 
anemia. 


few to make any positive conclusions 
about treatment, from the follow-up, it 
was found that in the one satisfactory 
surgical repair the anemia disappeared. 
It is still present or has returned in the 
2 postoperative cases that had recurrences. 
In those cases treated medically, the ane- 
mia improved in several cases and was 
still present in 1 who had known hema- 
temesis. There was no follow-up in 
another patient. From the literature it 
is reported that the anemia of diaphrag- 
matic hernia does respond well to iron 
therapy.!® 


TABLE 3.--SUMMARY OF CASES OF ANEMIA 


History 
of Roentgen ray Hgb. 
Case Sex Age bleeding findings (gm.) RBC Remarks 
xL 36255 F 49 £4xPos. Much of cardia stom. 9.5 3 00 Operated—repair but esoph. 
opening large; recurred 
xL 9308 F 74 Neg. Large hiatus hernia 10.5 2.96 Medical management 
xL 64414 F 59 #=Neg. Small esoph. hiatus 105 3.20 Myxedema—medical manage- 


hernia ment of hypothyroidism 
and obesity 
xL 91661 F 57 Pos. Thoracic stom. on r. 7.5 2.82 Suspicious evidence duod. 
bulb dis. on Roentgen ray 
xL 95908 M 54 _ Pos. Small diaph. hernia 11.0 343 Medical management 
xR 81550 F 7 Neg. 4 stomach in r. chest 10.5 ra Surg. repair satisfactory after 
2 years 
xL 103953 M 60 _ Pos Large diaph.herniaof 100 3.08 Surg. exploration; hiatus op- 
cardia ening enlarged and stomach 
sutured 
xL 74242 M 67 #£«/Neg. Large diaph. hernia of 9.5 2.87 Non-visualizing gall bladder 
cardia on Roentgen ray 
xL 65359 F 59 =Neg. Obst. antrum stom. 90 3.93 Surg. repair 1942 satisfactory ; 
bowel in 1. thorax recurrence 1946 
xR 88891 M 2 Neg. Herniationonabsence 11.0 Died of pneumonia and atei- 
of 1. leaf diaphragm ectasis 
xL 65702 F 48 =\Neg. Stom., colon, spleen, 95 3.00 Operated—defect too large to 


intest. 


In the 11 cases which showed an anemia, 
7 were females and 4 were males. Four 
of the patients had a positive history of 
hematemesis or melena and these were 
equally divided between males and fe- 
males. The other 7 had had no recorded 
history of any gastro-intestinal hemor- 
rhage or bleeding. There was no correla- 
tion between the hernial contents or the 
size of the hernia and whether the patients 
were anemic; there were equally as many 
small and large herniz in the normal group 
as among the 11 patients who presented 
the anemia. 

Though the 11 cases of anemia are too 


close; died 3 days post-opr. 


Summary. A review of the clinical 
entity diaphragmatic hernia, and the sec- 
ondary anemia which may be found with 
it, has been presented. Forty-one more 
cases of hiatus hernia are listed. In this 
series 11 patients showed a secondary 
anemia, a percentage of 26.8. This inci- 
dence of anemia is not as high as some 
reported series, but is higher than a num- 
ber of other series. It tends to substanti- 
ate the fact that anemia in diaphragmatic 
hernia is often found as part of the disease 
and that it does not have to be associated 
with a history of gastro-intestinal bleeding. 
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PROLONGED INCUBATION PERIOD AS AN EPIDEMIOLOGIC PRINCIPLE 
INFECTIOUS HEPATITIS AND HOMOLOGOUS SERUM JAUNDICE 
By W. Lioyp Aycock, M.D. 


ASSOCIATE PROFESSOR OF PREVENTIVE MEDICINE AND HYGIENE 
AND 


W. F. Oren, M.D. 


BOSTON, MASSACHUSETTS 


(From the Department of Preventive Medicine, Harvard Medical School) 


In clinical medicine “the case” begins 
with the onset of sickness and terminates 
when the patient is well again; in epidemi- 
ology “the case” begins when the patient 
receives the infectious agent and lasts as 
long as he is infectious. In certain dis- 
eases the clinical and epidemiologic cases 
may closely coincide but in many they 
are widely or even totally divergent. In 
some diseases the epidemiologic case be- 
gins long before and long outlasts the 
clinical case and in others the majority 
of infected and infectious individuals never 
have any sickness at all—subclinical infec- 
tion or healthy carriage.’ Incubation peri- 
ods have been judged from intervals of 
time between adjacent cases or have been 
established from repeated observation of 
definite intervals elapsing between expo- 
sure to known sources of infection and the 
onset of disease. In many instances, they 
have been more precisely determined by 
deliberate or experimental inoculation 
with the disease agent. In general, incu- 
bation periods have been interpreted as 
representing the interval between exposure 
to infection and onset of disease. For 
example, from an earlier study of the 
intervals between multiple cases in famil- 
ies, it was concluded that in poliomyelitis 
“the search for the source of the infection 
should be centered at about the 14th day 
before the onset of acute symptoms.”* It 
subsequently became clear that this con- 
clusion should be amended when it was 
found that the incubation period—and 
disease—was not always initiated at the 
time of exposure to the infectious agent 
but at times by some predisposing event 
having an effect on the host which initiated 
the infectious process in an individual 


already harboring the virus. More pre- 
cisely, it may be said that “ predisposing 
causes” may convert healthy carriage into 
incubation. A clear example is seen in 
bulbar poliomyelitis following tonsillec- 
tomy. In meningitis there are many indi- 
cations that incubation may be most often 
initiated by some “ predisposing” factor 
in persons already carrying the organism. 

The mechanism involved in incubation 
periods is not known and since there are 
no signs or symptoms, it lends itself poorly 
to study. Yet, in some diseases its time 
facter is very precisely defined, in others 
this may vary within wide limits, and in 
some it may be definitely altered by cer- 
tain special circumstances, as, for example, 
the prolonged incubation period under the 
protective influence of immune serum or 
other influences which “ prepare” the host 
in the direction of resistance to inoculation 
with virus.” 

PROLONGATION OF INCUBATION PERIODS. 
Sternberg and Reed*’ reported an early 
and interesting example of prolonged incu- 
bation period. From experiments on the 
protective effect of vaccinia immune serum 
against vaccination in monkeys, they con- 
cluded that the appearance of lesions is 
retarded as long as “there is present in 
the system of the vaccinated animal cer- 
tain antitoxic substances contained in the 
serum, and that when these substances 
have been eliminated from the body, the 
process proceeds to a successful though 
somewhat modified course of develop- 
ment.” Their protocols indicate that there 
was a retardation in appearance of the 
vaccinia reaction of about the same order 
as that in the other examples of prolonga- 
tion of incubation period to be cited. 
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In the conduct of neutralization tests 
in poliomyelitis it has been observed that 
animals inoculated with mixtures of virus 
and non-immune serum develop the experi- 
mental disease—as do animals inoculated 
with virus alone—after an incubation 
period not exceeding 14 days. Inoculation 
with immune serum-virus mixtures usu- 
ally affords complete protection. Excep- 
tionally the disease develops after longer 
incubation periods (Aycock and Luther).’ 
In the course of a study of various factors 
involved in the neutralization test, Schaf- 
fer and Muckenfuss® reported data on 
the incubation periods in a large number 
of tests done with a single strain of polio- 
myelitis virus and the same pool of human 
convalescent serum. The average incuba- 
tion period following inoculation with 
virus and non-immune serum was 8.3 days 
and with virus-immune serum 14.3 days 
—a prolongation of 72% (Chart 1). 
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Sullivan in the laboratory of the John F. 
Enders* have kindly been made available. 
In titrations, usually in dilutions of ;¢5 
to so of y-globulin, average survival time 
of mice injected with dilutions of s}o of 
globulin (81.9% succumbing), was 6.2 
days, and with ;}5 dilutions (with only 
4.5% succumbing), 8.7 days. Thus the 
prolongation of incubation period as a 
result of the protection of y-globulin was 
(within the range tested) 42% (Table 1). 

Duncan, Christian, Stokes, Rexer, Nich- 
olson and Edgar" have observed prolonga- 
tion of the incubation period by the 
administration of y-globulin to patients 
already in the incubation period of hom- 
ologous serum jaundice. Their data com- 
prise 52 out of 4780 battle casualty pa- 
tients (with no history of jaundice) who 
had received blood or plasma or both at 
the time of injury and who developed 
hepatitis within 5 months, but after 


~ VIRUS AND IMMUNE SERUM 


a VIRUS AND NORMAL MONKEY SERUM 


12345 67 8 9 10 II 1213 1415 16 I7 18 19 20 21 2223 24 25 26 27 28 29 30 3! 32 333435 36 37 
INCUBATION PERIOD IN DAYS 4 
Cuart 1.—Poliomyelitis. Neutralization tests showing incubation periods in animals inoculated 
with mixtures of virus and immune serum and mixtures of virus and normal monkey serum. Average 
prolongation with immune serum—8.3 days (72%).36 


Data relating to the average survival 
time (incubation period in the sense that 


death of the inoculated animal is the 


“uniformly recognizable sign of the dis- 
ease”’) in mice employed in neutralization 
tests with normal human y-globulin and 
influenza A virus PR8, by Miss Julia 


10 days from the date of administration 
of y-globulin. Of these patients 2406 re- 
ceived y-globulin; 29 developed hepatitis, 
the mean interval from the original trans- 
fusion to the development of hepatitis being 
103 days, and from administration of y- 
globulin, 53 days. Of the 2374 alternate 


* These studies were carried out by Dr. John F. Enders of the Department of Bacteriology of the 
Harvard Medical School, with y-globulin prepared by the Department of Physical Chemistry, Harvard 
Medical School, from blood collected by the American Red Cross, under a contract recommended by 
the Committee on Medical Research and Development and Harvard University. 
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patients used as controls, 23 developed 
hepatitis after a mean interval of 84 days 
from original transfusion and 34 days 
from the day on which they were paired 
with patients receiving y-globulin and 
designated as controls. (The average inter- 
vals between the time the 2 groups re- 
ceived blood or plasma and the time they 
were injected with globulin or designated 
as controls, were “almost identical.”’) 
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guishable—in clinical manifestations, sev- 
erity, or mortality—from that following 
shorter incubation periods. This would 
indicate that the action of the immune 
serum is restricted to prevention of dis- 
ease entirely or to prolongation of incuba- 
tion. This is true in experimental polio- 
myelitis, apparently so in the y-globulin 
influenza tests, as well as in homologous 
serum jaundice where y-globulin was 


TaBLE 1.—PROLONGATION oF INCUBATION PRoTECTION: NORMAL 
Acainst InFrLuENzA A Virus PR 8 


Mice 

Globulin dilution surviving 


Thus, as concluded by these authors, 
the administration of a single dose of 
10 cc. of y-globulin (on the average on 
the 50th day of an average incubation 
period in untreated controls of 84 days) 
retarded the onset of the acute phase of 
hepatitis by an average period of 19 days 
(23%). However, since y-globulin was 
administered late in the incubation period, 
a more exact expression of the effect of 
y-globulin would be the degree of pro- 
longation of that part of the incubation 
period represented by the interval be- 
tween the date of administration of globu- 
lin and onset of the disease in controls—a 
prolonged “incubation” of 55% over 
that of the controls.“ 

Prolongation of incubation periods does 
not appear to be a simple “coating of 
virus with antibody,” whereby the onset 
of symptoms is delayed for a constant 
period. Prolongation by immune serum 
is more nearly proportionate to the length 
of the incubation periods of the several 
diseases, or (in the case of homologous 
serum jaundice treated in mid-incubation 
period with y-globulin) to that part of 
the incubation affected by immune serum. 
Thus, actual prolongations of 6, 2.5 and 
19 days in the 3 examples cited represent 
degrees of prolongation of 72%, 42% and 
55%. The disease ensuing after a pro- 
longed incubation is in no way distin- 


Av. 
Mice % survival in 
dying dying mice dying 
260 81.9 6.2 
232 74.3 
111 35.3 7.7 
14 4.5 8.7 


administered in the incubation period of . 
the disease. In other words, prolonged 
incubation period is the only effect pro- 
duced on disease resulting from inoculation 
of virus “partly neutralized” by immune 
serum. In this connection a comparison 
with modification of measles with immune 
serum would be of interest. 

InFectious HEpaTITIs AND HomoLocous 
Serum Jaunpice. The striking difference 
between infectious hepatitis and homolo- 
gous serum jaundice (in jaundice occurring 
spontaneously and following injection of 
human serum), and the main basis for the 
question of there being 2 separate entities, 
is the difference in incubation periods— 
striking in terms of time alone—but in 
proportion to the length of the incubation 
period, not greatly in excess of the pro- 
longation of incubation periods obtained 
in other diseases when virus is “ partially 
neutralized” with immune serum. There 
are epidemiologic grounds for the assump- 
tion that icterogenic serum is derived from 
persons either in the incubation, acute or 
convalescent stage of infectious hepatitis 
or from persons subclinically infected with 
it. On the other hand, there are good 
epdiemiologic grounds for assuming that 
the virus causing homologous serum jaun- 
dice is not a different etiologic agent from 
that causing infectious hepatitis. For 
instance, there is no evidence for the 
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existence of a spontaneous disease caused 
by a homologous serum jaundice virus 
which could serve as the “ virus reservoir” 
for homologous serum jaundice. Actually, 
it would seem to be somewhat of an 
anomaly to say that many persons harbor 
such a virus without its ever causing dis- 
ease in them and yet, when their blood 
serum is injected into others, the disease 
is readily produced. It would appear 
much more logical to infer that the “ virus 
reservoir.’ for homologous serum jaundice 
is individuals who harbor the virus of 
infectious hepatitis—one evidence of which 
is the occurrence of the spontaneous dis- 
ease in them, and another that blood serum 
from them produce a disease indistinguish- 
able from homologous serum jaundice 
when inoculated into others—even as to 
incubation period. 

In this paper, the possible relationship 
of prolonged incubation resulting from 
inoculation of virus in the presence of 
immune serum to the epidemiology of 
infectious hepatitis and homologous serum 
jaundice will be discussed. 

The question is raised whether the 
shorter incubation in infectious hepatitis 
and the longer incubation in homologous 
serum jaundice may not be the result of 
infection, on the one hand by virus free 
of admixture with serum, and on the other 
hand, by the same virus partially neutra- 
lized by admixture with serum of donor, 
recipient, or both. To shed some light 
on this question, data have been collected 
from the literature on both infectious 
hepatitis and homologous serum jaundice 
where incubation periods are given in cases 
following inoculation (or infection) under 
circumstances which imply either serum- 
virus mixtures or serum-free virus. 

The first category comprises cases of 
both infectious hepatitis and homologous 
serum jaundice known to have been trans- 
mitted by virus supposedly free of admix- 
ture with serum; and the second, cases of 
both diseases in which transmission was 
accomplished with parenteral injection of 
serum in which virus was present. Among 
the former are experimental transmissions 


of each disease to volunteers by intranasal 
or oral administration of nasal washings 
or feces, and cases contracted from cases 
of the same disease by direct contact. The 
latter comprise only cases of both diseases 
from whom the disease was transmitted 
to others by parenteral injection of blood 
or serum. Cases of homologous serum 
jaundice in the usual sense—contracted 
following inoculation of serum or plasma 
from supposedly normal individuals (or 
of unknown origin)—are not included. 

For comparison of the different categor- 
ies of cases from the point of view of pro- 
longation of incubation periods, the data 
are restricted to instances where the type 
of disease from which the infectious agent 
was obtained, the manner by which it was 
transmitted, and incubation periods, were 
known. This requirement limits many of 
the observations used to transmission ex- 
periments and, because of the fact that 
only human volunteers can be used, these 
are not ,16—18 ,20 ,22 ,23 ,25—34 38,39 
Even though the numbers are small, how- 
ever, there is a consistency in the results 
of the comparisons which suggests that the 
findings are valid. 

Of 82 cases of infectious hepatitis, in 
60 the disease is known to have been 
transmitted intranasally, orally, or by 
contact, with an average incubation period 
of 28.4 days; while in 22 cases in which 
transmission was by the parenteral injec- 
tion of serum from other cases of infectious 
hepatitis, the average incubation period 
was 61.6 days—a prolongation of 116%. 
Of 17 cases of homologous serum jaundice, 
in 10 transmission was by intranasal or 
oral administration of material from cases 
diagnosed as homologous serum jaundice, 
with an average incubation period of 
46.1 days; while in 7 cases following par- 
enteral injection, it was 87.8 days—a pro- 
longation of 90.4%. (Incubation periods 
by weeks are shown in Chart 2.) It may 
be stated that in 3 of the cases of homolo- 
gous serum jaundice used here, transmis- 
sion occurred by contact under circum- 
stances where the presence of infectious 
hepatitis could be satisfactorily ruled out. 
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The incubation periods of 38, 43 and 49 
days are the longest possible incubation 
periods, but the circumstances are such 
that they all might have been shorter. In 
both infectious hepatitis and homologous 
serum jaundice where transmission was 
accomplished by intranasal, oral or con- 
tact infection, the incubation periods 
tended to be that which is generally recog- 
nized as that of infectious hepatitis. 
When either disease was transmitted by 
parenteral injection of serum from the 
same type of case, the incubation period 
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eases. Prolonged incubation period re- 
sulting from admixture of virus with 
serum containing antibodies is suggested 
as a probable explanation for the longer 
incubation period in homologous serum 
jaundice.* The degree of prolongation 
of incubation period, as between infectious 
hepatitis and homologous serum jaundice, 
is greater than that observed in any of 
the other examples of prolonged incuba- 
tion periods induced by admixture of virus 
with immune serum. In all these, how- 
ever, prolongation was induced either by 


~ SERUM PARENTERALLY 


SERUM AND OTHERS 
ENTERALLY 


INFECTIOUS HEPATITIS 


HOMOLOGOUS SERUM JAUNDICE 


1234567 1011 1213 1415 16 I7 18 19 20 
INCUBATION PERIOD IN WEEKS 


Cuart 2.—Infectious hepatitis and homologous serum jaundice. Incubation periods following 
inoculation of serum and other virus containing material enterally, and inoculation of serum containing 
virus parenterally. Prolongation incubation periods with parenteral serum of 116% and 90.4%. 


was that which is regarded as character- 
istic of homologous serum jaundice (fol- 
lowing injection of supposedly normal 
serum). 

It thus appears that the difference in 
the incubation periods of infectious hepat- 
itis and homologous serum jaundice might 
be accounted for largely by differences in 
the manner of transmission of the 2 dis- 


in vitro mixture of virus and serum or 
injection of virus into hosts protected by 
immune serum. That prolongation in in- 
cubation period may be additive depend- 
ing in part on antibodies at the source 
of virus (in the serum of the donor patient), 
admixture in vitro (inclusion of immune 
serum in pools) or antibodies in the recipi- 
ent host, is suggested by the observation 


* In most of the reports from which data have been collected, there is not sufficient information to 
make a precise analysis of the possibility that “prolongation of incubation periods’ may be the result 
of retarded recognition resulting from modification of the disease from serum. Study of the various 


reports, however, does not give any indication that the thresholds of recognition of the 2 types of cases 
are different. 
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cited that when individuals in the already 
prolonged incubation period of homolo- 
gous serum jaundice are injected with 7- 
globulin, the incubation period is still 
further prolonged. Fox!® observed wide 
variation in the frequency of icterus fol- 
lowing yellow fever vaccination, with 
known icterogenic lots of the vaccine in 


Li 
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hepatitis and homologous serum jaundice 
combined, where the virus used was ob- 
tained from nasal washings or feces, or 
where the disease was naturally trans- 
mitted by contact, intranasal or oral 
inoculation of serum-free virus, the aver- 
age incubation period was 29.9 days. In 
8 cases where blood serum from the donor 


SERUM ENTERALLY 


OTHERS ENTERALLY 
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INCUBATION PERIOD IN DAYS 


Cuart 3.—Homologous serum jaundice and infectious hepatitis. Incubation periods intranasal or 
oral inoculation with serum-free virus as compared with intranasal or oral inoculation of serum con- 
taining virus. Prolongation with serum containing virus of 29.7%. 


TaBLeE 2.—INCUBATION PERIODS IN NEUTRALIZATION TESTS AND IN CERTAIN CATEGORIES 
oF Cases or Inrectious HEPATITIS AND HomMoLoGcous SERUM JAUNDICE— 
SHOWING DEGREE OF PROLONGATION ASSOCIATED WITH SERUM 


Average days 


incubation % 
Materials used period prolongation 

Poliomyelitis: 

Normal monkey serum 8.3 

Human convalescent 14.3 72.2 
Influensa: 

y-globulin 40 3 
Homologous serum jaundice: 

Controls 34.1 

y-globulin 52.8 54.8 
Infectious hepatitis: 

Nasal washings, feces, or serum—enterally 

Serum—parenterally 61.6 116.9 
Homologous serum jaundice: 

Nasal washings, feces, or 

Serum—parenterally ies 87.8 90.4 
Infectious hepatitis and homologous serum jaundice: 

Nasal washings or feces—enterally 29.9 

Serum—enterally 38.8 29.7 


similarly vaccinated localities, and in 
households within these localities. One 
possible explanation for this was preéxist- 
ing immunity to the icterogenic agent con- 
tained in the vaccine, presumably result- 
ing from previous infection with infectious 
hepatitis. In this connection, it is of 
interest that in 62 cases of infectious 


patient was employed for intranasal or 
oral administration, the average incuba- 
tion period was 38.8 days—a prolongation 
of 29.7% (Chart 3). There would, there 
fore, seem to be a possibility that ad- 
mixture of serum from the donor patient 
(presumably containing antibodies) might 
account in part for the prolongation of 
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incubation periods in homologous serum 
jaundice over that of infectious hepatitis. 

Comparisons of incubation periods with 
the degree of prolongation in all the differ- 
ent categories used in this study are 
summarized in Table 2. It may be of 
some interest to note here that when 
known non-immune animals were injected 
with supposedly serum-free virus mixed 
with known immune serum (poliomyelitis 
neutralization), the degree of prolongation 
was 72%. In infectious hepatitis and 
homologous serum jaundice, the degree of 
prolongation in cases where the virus was 


Poliomyelitis Neutralization Tests: 
Virus and non-immune serum in vitro -—- 
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persons), there may be no admixture of 
virus with antibodies in either. 

The question of there being separate 
etiologic agents, apparently raised in the 
first place on the basis of the difference in 
incubation periods, had led to studies 
looking for other differences. Some are 
contradictory; others are based on small 
series of observations, and in still others 
the conclusion that there are 2 etiologic 
agents appears to be a matter of inter- 
pretation. 

The chief differences in the 2 types of 
jaundice which have been emphasized, 


Virus and immune serum 
72% 
Infectious hepatitis: 
Experimental transmission: 
29% 
Homologous serum jaundice in general . 
29% 72% 


101% prolongation over 
infectious hepatitis 


Length of incubation period (with prolongations in percentages). 


Caartr 4.—Theoretical explanation of prolongation of incubation period of homologous serum jaundice 
over infectious hepatitis. 


contained in serum from the donor was 
29.7 % more than in cases where the source 
of virus was presumably serum free (nasal 
washings or feces). If these 2 prolonga- 
tions, namely, in poliomyelitis neutraliza- 
tion (72%) and virus hepatitis (29%), 
are added, they closely approach the pro- 
longation of incubation period in homolo- 
gous serum jaundice, in general, over that 
of infectious hepatitis (101%) (Chart 4). 
This would suggest that there may be 
antibodies both in the serum of the donor 
and recipient patients in homologous 
serum jaundice; while in naturally occur- 
ring infectious hepatitis (in non-immune 


are differences in clinical manifestations, 
lack of cross-immunity, and the absence 
of contagiousness in homologous serum 
jaundice. The voluminous literature on 
these 3 points will not be reviewed here, 
but it may be pointed out that the weight 
of opinion seems to be that the 2 types of 
jaundice are clinically and pathologically 
identical. The observation of such mani- 
festations as arthritis and skin rashes, re- 
ported as characteristic of homologous 
serum jaundice, has likewise been reported 
in infectious hepatitis; and, in general, it 
may be said that no clinical manifestations 
as yet have been established as_pathog- 
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nomonic of either of the 2 types of jaun- 
dice.?! 

Knowledge of immunity in the 2 types 
of icterus is extremely limited because of 
the fact that observations have been con- 
fined to human studies. We believe that 
there is not yet sufficient information to 
establish the 2 diseases as being due to 
immunologically distinct agents. Too few 
immunologic studies have been done to 
rule out the possibility that lack of cross- 
immunity may be due to different strains 
of the same virus which will produce 
either infectious hepatitis or homologous 
serum jaundice. The possibility that the 
same lack of cross-immunity may be en- 
countered in different outbreaks of either 
disease has not been excluded. It may be 
pointed out that cross-immunity, as has 
been discussed in a previous paper in rela- 
tion to bacteria,t while serving to dis- 
tinguish particular strains of the same 
organism, is not necessarily a criterion for 
etiologic specificity. 

Many authors have stressed as a differ- 
ence between the 2 diseases that homolo- 
gous serum jaundice does not give rise 
to naturally occurring secondary cases. 
There is some question as to whether this 
point has yet been adequately studied. 
As has already been stated, “the search 
for the source of infection should be cen- 
tered at a time preceding onset of symp- 


toms by the length of the incubation per- - 


iod.” With the existing conviction as to 
a difference in the incubation periods of 
the 2 types of hepatitis, it is not unlikely 
that secondary cases of homologous serum 
jaundice would be sought for at a longer 
interval and that cases actually occurring 
after a shorter interval following exposure 
to previous cases might well have been 
designated as infectious hepatitis and 
assigned, not to a relatively recent expo- 
sure to other cases of homologous serum 
jaundice, but to some supposed exposure 
to infectious hepatitis. It is true that 
relatively few cases of long incubation 
period infectious hepatitis and short incu- 
bation period homologous serum jaundice 
have been recorded. This might be ac- 


counted for in part by the use of incuba- 
tion periods as the basis of differential 
diagnosis in many cases of otherwise in- 
distinguishable jaundice. Finally, it is 
possible that there may be an actual dif- 
ference in contagiousness. In infectious 
hepatitis, the infectious agent entering 
through the mouth or nose might be con- 
tagious for example, throughout its incu- 
bation period; while in homologous serum 
jaundice, the’ virus, due to the manner of 
inoculation, might not appear on external 
surfaces of the body until later or not at all. 

Findlay and MacCallum,” in 1938, had 
suggested that jaundice following yellow 
fever vaccination was caused by virus in 
serum (used in preparation of the vaccine) 
obtained from apparently healthy persons 
who were in reality suffering from sub- 
clinical or very mild infectious hepatitis. 
Shank and Mirick®* have observed an out- 
break of icterus which is in support of 
this early opinion and at the same time 
well illustrates all the epidemiologic points 
presented in this paper. Following the 
injection of some 750 individuals with 
diluted human plasma, 267 cases of jaun- 
dice occurred. The average interval be- 
tween the injection of plasma and the 
development of symptoms was about 
70 days. In an equal number of persons 
working in the same establishment who 
did not receive plasma, 14 verified and 
probably 8 other cases of spontaneous 
jaundice occurred late in the outbreak. 
The average interval between the date 
of inoculation of plasma and the develop- 
ment of jaundice in the uninoculated or 
“control” group was about 100 days. No 
cases of spontaneous jaundice had occurred 
in the group during the preceding 3 years. 
Thus, the average interval between the 
primary cases (following inoculation with 
with plasma) and the secondary cases in 
the uninoculated group was about 30 days 
—a period coinciding with the incubation 
period of infectious hepatitis. 

In institutional outbreaks of measles and 
German measles previously reported,!* in 
each within a period of 8 weeks the pri- 
mary case and 4 secondary waves of 
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measles occurred and in German measles 
the primary case and 2 secondary waves 
occurred. The average interval between 
waves in measles was 11.2 days and be- 
tween waves in the German measles out- 
break, 18.6 days. In these 2 frequently 
confused diseases the intervals between 
waves of cases in institutional outbreaks 
are a distinguishing feature. 

It would therefore appear, by analogy 
somewhat in reverse, that in the outbreak 
of jaundice observed by Shank and Mirick 
the cases in the secondary wave (sponta- 
neously occurring jaundice) correspond to 
the usual definition of infectious hepatitis. 
But since the source of infection for this 
wave of cases apparently was a preceding 
wave of cases of homologous serum jaun- 
dice, it is indicated that the long incuba- 
tion period resulted from parenteral injec- 
tion of serum and the short incubation 
from spontaneous infection presumably 
with serum-free virus by contact. 

Summary and Conclusions. In neutra- 
lization and protection tests in a number 
of virus infections having different incuba- 
tion periods, a portion of the animals 
inoculated with mixtures of virus and im- 
mune serum develop the disease following 
incubation periods that are longer than 
those resulting from inoculation with virus 
and non-immune serum. Prolongation is 
proportionate to the length of the incuba- 
tion periods of each of the several diseases. 
The degree of prolongation of the incuba- 
tion period of homologous serum jaundice 
over that of infectious hepatitis is of the 
order of that observed in other neutraliza- 
tion or protection tests. 


In the light of this epidemiologic prin- 
ciple, it is suggested that the difference in 
the incubation periods of infectious hepat- 
itis and homologous serum jaundice is due 
to differences in the manner of transmis- 
sion of a single virus which involve ad- 
mixture of virus with antibodies. 

The shorter incubation period, generally 
regarded as characteristic of infectious 
hepatitis, occurs when transmission of 
either of the 2 types of jaundice is ac- 
complished by intranasal or oral adminis- 
tration, or by contact (serum-free virus). 
The longer incubation period, regarded as 
characteristic of homologous serum jaun- 
dice, follows the transmission of either of 
the types of jaundice by the injection of 
serum containing virus. It is postulated 
that the prolongation of the incubation 
period of homologous serum jaundice over 
that of infectious hepatitis is the result 
of partial neutralization of the virus by 
admixture with serum containing anti- 
bodies of either the donor or recipient 
patient or by the in vitro action of serum 
containing antibodies on the virus. 

The establishment of naturally occur- 
ring infectious hepatitis as the “virus 
reservoir” for homologous serum jaundice 
would serve to emphasize the extent of 
this “reservoir” and the importance of 
the study of methods for insuring steril- 
ity. This leads to the suggestion that, 
until a method of insuring sterility is 
found, in the administration of serum- 
containing products these dangers are 
always present; consequently the indica- 
tions for their use must be important. 
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A.NEW compound, caronamide,*f has 
been described as orally effective to ele- 
vate the plasma concentrations of penic- 
illin. Large losses of penicillin in the urine 
are known to occur, and since it is now 
established that approximately 80% of 
the loss is through the renal tubules,®?! 
an agent capable of inhibiting the tubular 
excretion of penicillin might be expected 
to enhance the levels of penicillin in the 
plasma. These effects have been observed 
to follow the administration of diodrast,” 
para-aminohippuric acid*?® and benzoic 
acid.” ~_Diodrast and para-aminohip- 
puric acid have been employed in the 
treatment of subacute bacterial endo- 
carditis,!!8.°.4 but the necessity of ad- 
ministering large amounts of either sub- 
stance by constant intravenous infusion 
has limited their usefulness. 

It has been hypothesized that the 
physiologic and reversible inhibition of 
the penicillin transport mechanism is due 
to a “substrate competition between pen- 
icillin which is excreted by the tubules, 
and 4’-carboxy-phenylmethanesulfonanil- 
ide, which is essentially refractory to ex- 
cretion by the transport mechanism.’ 


penicillin plasma concentrations were en- 
hanced from 3 to 7 fold by the oral admin- 
istration of caronamide, and no serious 
toxic manifestations were observed. Ac- 
cordingly, we felt justified in applying 
caronamide to the treatment of a patient 
with subacute bacterial endocarditis due 
to a strain of Streptococcus viridans resis- 
tant to penicillin and to streptomycin. 


Case Abstract. The patient, M. C., was 
a white female aged 51 years. The diagnosis 
of subacute bacterial endocarditis was estab- 
lished on Aug. 1, 1946, at which time the 
blood culture was positive and the heart 
murmurs were observed to have changed in 
character. 

As shown in Table 1, the patient had 
received 4 courses of antibiotic therapy, 2 
of penicillin and 2 of streptomycin prior to 
this study. The first eourse totalling 
14,400,000 units of penieillin was given over 
a period of 29 days administered by intra- 
muscular injection every 3 hours in a daily 
dose of 540,000 units. Following this course 
of therapy, the blood culture became. nega- 
tive but signs of relapse were observed on 
October 14, and blood cultures remained 
positive until the second course of penicillin 
therapy began on October 29. A daily dose 


In preliminary clinical investigations,” of 750, 000 units of penicillin was given for 


* The major portion of this paper was presented before. the American Society for Clinical Investiga- 
tion, Atlantic City, N. J., May 5, 1947. 

The penicillin used in this investigation was supplied through the courtesy of Charles Pfizer & Co., Inc. 

Caronemide was supplied through the courtesy of Sharp & Dohme, Inc. 

7 Since we have had the benefit of knowing by personal communication about many of the investi- 
gations on caronamide that are now in progress, the Bibliography contains a number of references to 
unpublished data, 
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50 days, the total amount being 37,500,000 
units. Penicillin was administered by intra- 
muscular injection every 2 hours. Again 
the blood cultures became negative and the 
disease appeared to be in remission but re- 
newed activity of the disease and a positive 
blood culture appeared on Dec. 31, 1946. 
The original sensitivity of the strain of Strep- 
tococcus viridans was 0.03 unit of penicillin 
per cc., but under therapy this decreased to 
0.5 unit per cc. Accordingly, a change to 
streptomycin was made on January 13. A 
daily dose of 3 gm. was given by intermittent 
intramuscular injections every 4 hours. 
Treatment was continued for 15 days and a 
total of 45 gm. of streptomycin was admin- 
istered. When streptomycin therapy was 
initiated, the organism was sensitive to 
0.5 unit per cc. but after treatment 5 units 
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mide as an adjunct to intensive penicillin 
therapy. In Chart 1 the details of this 
patient’s fifth course of antibiotic therapy 
are presented. The record of rectal tem- 
peratures suggests the severity of the ill- 
ness under treatment; weight loss, ano- 
rexia and asthenia paralleled the febrile 
course. During this course a daily dose 
of 4,000,000 units of penicillin was chosen 
arbitrarily and administered intramuscu- 
larly in divided doses of 500,000 units 
dissolved in 2 cc. of sterile saline. Treat- 
ment was continued for 28 days. During 
this time repeated dose response curves 
were defined following individual injec- 
tions of 500,000 units of penicillin. An 
effort was made to determine the curve at 


TaBLe 1.—Sensitiviry Tests on M. C. 
W 51—Rheum. Ht. Dis. and Subac. Bact. Endoc. (Strep. viridans) 


Blood Penicillin 
Dates cultures Yellow G Streptomycin 
1946 
Aug. 1 Pos. mae No tests 
Course I—14,400,000 u. of Penicillin 
Oct. 26 Pos. 0.03 u./ee. 
Course II—37,500,000 u. of Penicillin 
Dec. 31 Pos. 0.50 u./ce. 
1947 
Jan. 2 Pos. 0.50 u./ce. 0 5 u./ee. 
Course III—45 Gm. of Streptomycin 
Feb. 1 Pos. 1.00 u./ce. 1.0 u./ec. 5.0 u./ee. 
Course IV—24 Gm. of Streptomycin 
Feb. 10 Pos. 0.50 u./ee. 0.5 u./ee. 0.5 u./ee. 10,000 u./ec. 


per cc. were needed to inhibit growth. A- 
second course of 24 gm. of streptomycin 
was given over a period of 8 days. At the 
conclusion of the fourth course of treatment 
and the second course of streptomycin, the 
organism was found to have increased its 
resistance to streptomycin by 20,000 fold, 
10,000 units per cc. being required to inhibit 
growth and the organism was resistant to 
0.5 unit per cc. of amorphous penicillin and 


fraction G and X. After 4 courses of treat- 


ment the blood cultures remained positive 
and the bacterial endocarditis was active as 
indicated by fever, embolic phenomena and 
a deterioration of the general state of health. 


Since the resistance of the infecting 
organism in this instance appeared to 
require high penicillin plasma concentra- 
tions, it seemed justifiable to use carona- 


the same time of day (between 9 a.m. and 
12 Noon) in order that the relationship 
to meals, fluid intake and diurnal changes 
in temperature would be comparable. 
Caronamide was administered for 25 days, 
the daily dose varying from 12 to 24 gm. 
The drug was administered orally at 3 
hourly intervals and penicillin was injected 
simultaneously. 

Inasmuch as a pharmacologically active 
compound was being administered for the 
purpose of temporarily inhibiting a func- 
tion of the renal tubules, an effort was 
made to determine whether or not there 
was any interference with renal function 
as indicated by the elimination of blood 
urea nitrogen, creatinine and uric acid. 
Weekly determinations during the 30 day 
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period of observations showed no change 
in the values of these substances in the 
blood (Chart 1). 

The skin rash which appeared on the 
16th day of therapy was a generalized, 
morbilliform rash of the type commonly 
seen in association with drug sensitivity. 
Since we were employing a new, relatively 
untried compound, caronamide was im- 
mediately suspected of being the cause of 
this rash. Our dermatologic consultants, 
however, regarded it as similar to those 
commonly encountered during penicillin 
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TEMPERATURE 
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excretion of “benadryl” were unavailing. 
The excitation of the patient apparently 
produced by the administration of “ bena- 
dryl” led to the speculation that carona- 
mide might be inhibiting the excretion of 
this compound. 
On the 22nd day of continuous penicillin 
therapy, a sufficient supply of crystalline 
penicillin G became available and there- 
after this type of penicillin was used ex-. 
clusively. The skin rash faded despite 
continued treatment with penicillin and 
caronamide so that on the 28th day of 
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Cuart 1.—Penicillin—caronamide antibiotic therapy (Course 5). 


therapy. It was recommended that crys- 
talline penicillin G be substituted for ordi- 
nary amorphous (yellow) penicillin. The 
supply of crystalline penicillin G on hand 
did not permit this change. Treatment 
with amorphous (yellow) penicillin and 
caronamide was continued, and “bena- 
dryl” was administered. 

Contrary to common experience, “ bena- 
dryl” appeared to cause excitation and 
was therefore discontinued. “ Pyribenza- 
mine” was better tolerated. Our efforts 
to learn something concerning the renal 


treatment, the patient’s skin was clear. 
Our reason for believing that this skin 
rash was due to an impurity present in 
the ordinary amorphous (yellow) penic- 
illin will be referred to later. There seems 
to be little doubt that the secondary tem- 
perature rise reflected the appearance of 
drug sensitivity rather than reactivation 
of the bacterial endocarditis. On the 9th 
day of this course of treatment the blood 
cultures became negative and remained so. 

The dose response curves indicated in 
Chart 1 are presented in detail in Chart 2. 
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Each dose response curve was defined fol- 
lowing an intramuscular injection of 
500,000 units of penicillin. Blood was 
withdrawn for assays 15 minutes, 30 min- 
utes, 1, 2 and 3 hours after individual 
doses of penicillin. The precaronamide 
control curve began at 16.54 units of pen- 
icillin per ce. of plasma at 15 minutes, 
and at the end of 3 hours had declined 
to 2.71 units of penicillin per cc. Imme- 
diately after the definition of this curve, 
caronamide was administered orally 3 gm. 
every 3 hours until the following day at 
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119 
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is suggested that there was a carry-over 
effect from the previous day of treatment 
with 24 gm. of caronamide. The likeli- 
hood of this explanation is strengthened 
by the observation that after 12 gm. per 
day for 5 days, the dose response was 
little different from the precaronamide 
control nerve. Since 12 gm. per day 
appeared to be ineffective, the dose of 
caronamide was increased to 16 gm. per 
day. After 4 days on this schedule, a dose 
response curve was defined, and it was 
found that the plasma concentrations had 


CARONAMIDE CONTROL 
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Cuarr 2.—Penicillin dose response curves (periods during continuous therapy) following 
intramuscular doses of 500,000 units. 


which time the second dose response curve 
was determined. Throughout this entire 
3 hour period, the penicillin plasma con- 
centration was approximately 31 units of 
penicillin per cc. The dose of caronamide 
was reduced to 12 gm. per day or 1.5 gm. 
‘every 3 hours for 24 hours and on the 
3rd day the curve showed the penicillin 
plasma concentrations were 62.59 units 
per ce. at 15 minutes and at the end of 
3 hours had declined to only 20.67 units 
per cc. It is not entirely clear why, on 
12 gm. of caronamide, the plasma concen- 
trations of penicillin should have been 
higher than when 24 gm. were given. It 


increased so that 15 minutes after an 


injection of penicillin the concentration | 


was 31.46 units per cc. and at the end of 
3 hours was still 15 units per cc. After 
9 days, however, the dose response curve 
again was little different from the pre- 
caronamide control curve. Inasmuch as 
the patient’s condition had improved, and 
the blood cultures had been negative for 
several weeks, this course of therapy was 
terminated. Before doing so, however, a 
postcaronamide control curve was obtain- 
ed. This second control curve begins at 
20.89 units per cc. and declined during 
3 hours to 1.99 units. 
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Quantitative urinary collections were 
made while the above curves were de- 
scribed and in both of the control periods 
more than 100% of the injected dose of 
penicillin was recovered in the urine. The 
urinary recoveries of penicillin during 
therapy with caronamide averaged 61%. 
It might be expected that, if caronamide 
blocks the excretion of penicillin by the 
renal tubules, the elevation of plasma 
concentration of penicillin might be re- 
flected in a temporarily reduced amount 


of penicillin in the urine. The findings 
DAYS OF THERAPY 


YEOMAN: CARONAMIDE 497 


ously and the correlation between the con- 
centrations of caronamide in the plasma 
and the enhancing effect upon the plasma 
concentration of penicillin is apparent. 
Although the patient showed no clinical 
or laboratory evidence of relapse, another 
course of antibiotic therapy was given to 
insure against reactivation of a possible 
latent infection. The sixth course of anti- 
biotic therapy (Chart 3) began 1 week 
after the termination of Course V. One 
million units of penicillin were given daily 
for 25 days and crystalline penicillin G 
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Cuart 3.—Penicillin—caronamide antibiotic therapy (Course 6). 


on the days when plasma levels of penic- 
illin were increased and recoveries in the 
urine reduced are compatible with this 
expectation. On the other hand, on the 
8th and 24th days (Chart 2) the recovery 
of penicillin in the urine was below the 
expected percentage, and at the same time 
the plasma concentrations of penicillin 
were not enhanced. At the present time 
we are unable to explain this apparent 
discrepancy. 

Caronamide and penicillin plasma con- 
centrations were determined simultane- 


was used throughout. Intermittent intra- 
muscular injections of 125,000 units were 
given every 3 hours. Caronamide in doses 
of 3 gm. every 3 hours was given for a 
period of 8 days. Thereafter, for an addi- 
tional 4 days caronamide was given in a 
dose of 16 gm. per day, or 2 gm. every 
3 hours. Despite the concomitant admin- 
istration of penicillin G and caronamide, 
no skin rash appeared. For this reason 
we are inclined to feel that the skin rash 
previously noted was probably due to an 
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impurity in the amorphous (yellow) pen- 
icillin. 

Following the 8 days of caronamide 
therapy at the level of 24 gm. per day the 
blood urea nitrogen rose slightly from its 
previous level; the urea clearance fell to 
23 % and cellular elements were present in 
the urine. Within 10 days after discon- 
tinuance of caronamide the blood urea 
nitrogen returned to the previous level of 
7 mg. per 100 cc., the urea clearance rose 
to 70% and microscopic examination of 
the urine showed disappearance of both 
red and white blood cells. The rectal tem- 
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15 minutes, and at the end of 3 hours was 
still 5.42 units per cc. On a smaller dose 
of caronamide, 2 gm. every 3 hours, the 
plasma concentration of penicillin at the 
end of 15 minutes was 8.23 units per cc. 
and at the end of 3 hours was still 2.45 
units per cc. The postcaronamide control 
curve compared favorably with the pre- 
caronamide curve; at 15 minutes the 
plasma concentration was 4.11 units per 
ec. and at 3 hours, 0.17 unit per ce. 
Although the enhancing effect of carona- 
mide upon the plasma concentrations of 
penicillin was not apparent in every dose 
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Cuart 4.— Penicillin dose response curves following intramuscular doses of 500,000 units. 


peratures during this course of antibiotic 
therapy were in sharp contrast to those 
during Course V, and this normal tempera- 
ture record paralleled the patient’s general 
improvement. 

During Course VI both control and caro- 
namide modified dose response curves were 
obtained as before. In the precaronamide 
control curve at 15 minutes the plasma 
concentration of penicillin was 4.19 units 
per'ee. and at the end of 3 hours, only 
0.25 unit per cc. When caronamide was 
administered in a dose of 3 gm. every 
3 hours, the concentration of penicillin in 
the plasma was 14.77 units per ce. at 


response curve, the results were sufficiently 


striking to indicate the desirability of 


studying a control patient (Chart 4)- to 
determine whether the results were due to 
a unique patient situation. 


Control Case. Patient C. T., a 16 year 
old white girl convalescing from pneumonia, 
had been receiving 500,000 units of penic- 
illin per day for 6 days prior to our observa- 
tions. In order to make the dose response 
curves obtained from this patient compar- 
able to those obtained from Patient M. C., 
the same doses of penicillin were used. 
Injections of 500,000 units of penicillin were 
given prior to obtaining the curves (Chart 4). 
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A control curve without caronamide showed 
the plasma concentration at 15 minutes to 
be 13.9 units per cc. and at the end of 
3 hours 0.87 unit per cc. The following day 
the patient was given 4 intramuscular injec- 
tions of penicillin 500,000 units per injection, 
and 4 oral doses of caronamide, 3 gm. every 
3 hours. The plasma concentrations of pen- 
icillin were not increased; at 15 minutes 
there were 10.3 units per cc. and at 3 hours, 
0.87 unit per cc. During the definition of 
this penicillin dose response curve, the caron- 
amide concentrations varied between 17 and 
8 mg. per 100 cc. and these concentrations 
did not inhibit penicillin excretion. 

For 5 days this patient received 500,000 
units of penicillin per day and 12 gm. of 
caronamide, then the effect of caronamide 
was reévaluated. Six injections of penicillin 
at 3 hourly intervals (500,000 units per in- 
jection) and 3 gm. of caronamide were given 
orally every 3 hours for 6 doses. The en- 
hancing effect upon penicillin plasma con- 
centrations was marked; at 15 minutes the 
concentration was 29.95 units per cc. and 
at the end of 3 hours it was still 14.98 units 
per cc. While these values were obtained 
the caronamide plasma concentration varied 


’ between 45 and 43 mg. per 100 cc. and caron- 


amide obviously inhibited tubular penicillin 
excretion. 


Thus, in the second patient as in the 
first, there was good correlation between 
the caronamide plasma concentration and 
the enhancing effect upon penicillin plasma 
concentrations. 

Discussion. Experimental work in ani- 
mals has shown that caronamide is a 
pharmacologically active compound?:® of 
relatively low toxicity® which is capable 
of completely suppressing the excretion of 
penicillin by the renal tubules. In mice?’ 
it has been shown that the intensity of 
penicillin therapy can be much increased 
by the concomitant administration of cor- 
onamide and penicillin. This has been 
particularly well demonstrated by the 
survival rate of mice infected with Type I 
pneumococci and typhoid bacilli of the 
Panama strain. This laboratory back- 
ground prompted the preliminary clinical 
investigations with caronamide which 
have shown that, both in children” and 
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adults that penicillin plasma concentra- 
tions can be enhanced from 3 to 7 fold by 
the oral administration of caronamide. 
This enhancing effect is noted when pen- 
icillin is administered both orally and 
intramuscularly. 

The relative resistance to penicillin of 
the infecting organism in the case of sub- 
acute bacterial endocarditis here described 
justified the use of the new compound in 
an effort to enhance penicillin plasma con- 
centrations. There is an increasing aware- 
ness that it is almost impossible to main- 
tain a “level” of penicillin in the plasma, 
but it has been stated that an effort should 
be made to exceed by 5 times the penicillin 
concentration which is required in vitro 
to inhibit growth of the infecting organ- 
ism.!718 Treatment of our case in accord- 
ance with the above criterion would have 
required a penicillin plasma concentration 
of approximately 5 units. To maintain 
such plasma concentration of penicillin 
without the aid of some enhancing agent 
would require enormous quantities of pen- 
icillin. 

The dose of 4,000,000 units per day 
was chosen arbitrarily but from the pre- 
caronamide and the postcaronamide con- 
trol dose response curves 500,000 units 
given intramuscularly every 3 hours fell 
far short of meeting the above require- 
ment. With the aid of caronamide it was 
possible to elevate the plasma concentra- 
tion to remarkable heights; 30 to 60 units 
of penicillin per cc. Such concentrations 
have seldom been attained with any dose 
of penicillin alone and to do so in the pres- 
ence of normal renal function would re- 
quire at least 10,000,000 units of penicillin 
or more per day. 

Examination of the dose response curves 
modified by varying caronamide doses 
shows that the enhancing effect of the 
same dose of caronamide was not constant. 
For example, 16 gm. per day showed en- 
hancement of penicillin plasma concentra- 
tions on the 15th day (Chart 3) but 9 days 
later, on the 24th day, no effect was noted. 
During Course VI when 16 gm. were given 
(Course ITI, Chart 4) "increased levels were 
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observed. In the case of Patient C. T. 
(Chart 4) 12 gm. given in four 3 gm. doses 
at 3 hourly intervals failed to enhance 
penicillin concentrations, whereas 18 gm. 
given in six 3 gm. doses showed marked 
effect. 

The effective dose of caronamide is not 
uniform in terms of grams per day; enough 
drug must be given to insure a plasma 
concentration of caronamide that is ade- 
quate to inhibit tubular excretion of pen- 
icillin. Although the method used® in 
this investigation to determine caronamide 
in the plasma is impractical for routine 
use,* it has shown a good correlation be- 
tween caronamide and penicillin plasma 
concentrations. Both of the patients were 
regarded as having normal renal function. 
With plasma concentrations of caronamide 
less than 10 mg. per 100 cc. Patient M. C. 
showed no enhancing effect on penicillin 
levels; similarly, concentrations of less 
than 20 mg. per 100 ce. in the case of 
Patient C. T. were ineffective. In both 
patients concentrations between 30 and 
50 mg. per 100 cc. definitely inhibited 
penicillin excretion. It is suggested that 
plasma caronamide concentrations be- 
tween 20 to 30 mg. approximates that 
required to inhibit excretion of penicillin 
by normal renal tubules. 

Studies already completed indicate that 
the effective dose of caronamide varies 
from patient to patient. 
standable since the pharmacologic action 
of caronamide is superimposed upon the 
individual patient’s renal function. It is 
probable that all grades of renal impair- 
ment exist in subclinical form and this 
must be particularly true in the more 
advanced age groups. It may be antici- 
pated, therefore, that an individual who 
has some impairment of tubular function 
will require less caronamide to inhibit 
completely the capacity of his tubules to 
excrete penicillin than the patient who 
has normal tubules. That there is a 
difference in caronamide requirements for 
the treatment of individuals of different 


This is under-. 


ages has already been shown.” Further, 
it has been found that, in children, doses 
as large as those that have been used in 
aduits, 24 gm. per day, may be necessary 
to contain the maximal enhancing effect 
upon penicillin plasma concentration.“ 
The individualization of car@hamide 
dosage is desirable and will be practical 
when suitable methods for assaying caron- 
amide in the plasma are developed. The 
method used for the determination of 
plasma caronamide concentrations in this 
investigation is impractical for routine use 
but other methods have already been de- 
vised."!8 The commonly used PSP test 
may be a readily available method of de- 
termining the effective dose of caronamide. 
Phenolsulfonphthalein (phenol red) is ex- 
creted by the same tubular excretory 
mechanism by which penicillin, diodrast 
and para-aminohippuric acid are elimi- 
nated, and it has been noted in patients 
under our care that the excretion of phe- 
nolsulfonphthalein is quickly inhibited by 
adequate dosage of caronamides. It prob- 


ably can be assumed that, if sufficient - 


caronamide is given to suppress the excre- 
tion of this dye, the excretion of penicillin 
is also being inhibited. Preliminary ob- 
servations on this point have shown a 
prompt drop of the normal excretion rate 
of phenolsulfonphthalein to 25% and 35% 
under treatment with caronamide and 
with cessation of caronamide administra- 
tion, the clearance of phenolsulfonphtha- 
lein rapidly returns to normal. 

From the available information carona- 
mide appears to have a low order of 
toxicity. Nausea and vomiting have been 
noted occasionally when excessively large 
doses were used, and at least 1 instance 
of drug fever and diffuse skin rash due to 
coronamide has been observed. It would 
be completely unexpected, however, if 
some toxic manifestations are not observed 
as use of the compound becomes more 
widespread. 

Heavy caronamide dosage may have 
produced a transient renal impairment as 


* A 48 hour alkaline dialysate of plasma is analyzed by measuring the ultraviolet absorption at 
280 m.u. in the Beckman ultraviolet spectrophotometer. This method is accurate within 10 to 20%. 
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indicated by cellular elements in the urine, 
a slight increase in the blood urea nitro- 
gen, and a decrease in urea clearance 
(Chart 3). These changes occurred during 
a period of apparent arrest of the subacute 
bacterial endocarditis and cannot reason- 
ably be attributed to the infection itself. 
The dental extraction which immediately 
preceded the onset of the urinary and 
renal function abnormalities could con- 
ceivably have precipitated an acute ne- 
phritis, but neither the immediate findings 
nor the subsequent course support this 
possibility. It is probable that these mani- 
festations were, indeed, due to caronamide 
but the rapidity with which the urine 
cleared and the urea clearance returned 
to normal indicate the transient character 
of the renal irritation. 

Caronamide is administered in relatively 
large doses and is excreted in the urine, 
presumably by glomerular filtration. In 
order to obviate the likelihood of crystal- 
luria an adequate urinary output (1500 cc.) 
should be maintained. Caronamide is pre- 
cipitated in an acid urine (below pH 5.5) 
and it may be desirable in some instances 
to alkalinize the urine. The maintenance 
of an adequate urinary output is probably 
better protection against renal complica- 
tions than relying upon the administration 
of alkalinizing agents. 

The rate of disappearance of penicillin 
from the plasma following an intramuscu- 
lar dose is, in itself, a good test of renal 
function which reflects chiefly tubular 
function. Since 80% of the penicillin in 
the urine is excreted by the tubules, im- 
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pairment of the tubules should result in 
delayed penicillin excretion. The close 
correspondence between the control curves 
before and after 2 courses of caronamide 
therapy extending over 40 days is reason- 
able evidence that the inhibition of the 
penicillin excretory mechanism was re- 
versible. 

The response of this patient to large 
doses of penicillin and the concomitant 
administration of caronamide has been 
good but no direct claim is made for caron- 
amide in obtaining this result for certainly 
the doses of penicillin used were far in 
excess of those which had been tried pre- 
viously. It may well be that if 4,000,000 
units of penicillin alone had been given 
for 28 days, this patient would have re- 
sponded similarly. We can say, however, 
that with caronamide the plasma penic- 
illin concentrations following 1,000,000 and 
4,000,000 units per day were increased 
over those anticipated and obtained with 
the same doses of penicillin alone. 

Summary and Conclusion. A patient 
with subacute bacterial endocarditis due 
to a strain of Streptococcus viridans rela- 
tively resistant to penicillin was success- 
fully treated with intramuscular penicillin 
and oral caronamide. 

Even when the dosage employed is 
measured in millions of units per day, the 
plasma levels of penicillin can be elevated 
by the administration of caronamide. The 

effect of caronamide in the treatment of 
this patient was equivalent to the injection 
of additional millions of units of penicillin. 


. Beyer, K. H., Fureprn, H., Verwey, W. F., and Woopwarp, R.: J. Am. Med. Assn., 126, 1007, 
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In the relatively small but important 
group of cases of labile diabetes, the fre- 
quency of episodes of hypoglycemia and 
the difficulty of satisfactory control of 
the glycosuria are well recognized. This 
group, which is composed almost entirely 
of younger patients, has always been a 
severe problem not only to the general 
practitioner but also to the specialist in 
diabetes. 

The factors that underlie the unpredic- 
tability of sudden changes from glyco- 
suria and ketonuria to convulsive states 
have never been clearly delineated. We 
have observed 2 patients who tend to shed 
some light on this situation. Both are 
young women with “brittle” diabetes, 
and both had experienced repeated, severe 
“insulin shocks.” One of them died in 
the hospital; the other is still under ob- 
servation. The case histories follow: 


Case Reports. Case 1. M. B., a white 
female, was first admitted to The Mount 
‘Sinai Hospital in August 1933, at the age of 
11, for regulation of her diabetes. The 
onset of the diabetes had occurred at the 
age of 6 with polyphagia, polyuria, polydip- 
sia and loss of weight. In the intervening 
5 years she had entered other hospitals on 
3 occasions hecause of frequent hypoglycemic 
episodes, most of which were described as 
severe. The patient had been raised in a 
foster home and had never been instructed 
in the significance of the disease nor in esti- 
mating her diet. It was noted that she was 
not gaining weight and that marked glyco- 
suria was present. 

Family history revealed the presence of 
diabetes in an aunt. Past history was non- 
contributory; physical examination and 


laboratory findings other than hyperglycemia 
and glycosuria were normal. 


During her 


stay in the hospital she was given a diet 
of carbohydrate (85 gm.), protein (65 gm.), 
fat (100 gm.), with regular insulin (25-8-25 
units) before each of the 3 meals, respec- 
tively. Although she was not kept sugar- 
free on this regimen, and in fact had occa- 
sioral acetonuria, she still had occasional 
severe insulin reactions, one of which was 
accompanied by a generalized convulsion. 

Second admission: October 1934. One 
day after discharge from the hospital she 
had a severe shock accompanied by convul- 
sions. 

Third admission: July 1935. She was 
admitted for tonsillectomy and adenoidec- 
tomy because of repeated sore throats. In 
the interim she had been having occasional 
insulin reactions. The operation was un- 
complicated. 

Fourth admission: June 1936. This was 
for a traumatic slipped epiphysis of the _ 
lower end of the right radius and a fracture 
of the right ulnar styloid. Healing was 
satisfactory. 

Fifth admission: October 1936. This ad- 
mission was due to pain in the ear, sore 
throat and fever. She was disoriented, 
slightly confused and in obvious diabetic 
ketosis. The ketosis responded promptly 
to treatment. Examination revealed a 
palpable liver edge, normal ocular fundi, and 
no foeal neurologic signs. The patient 
stated that she had been having frequent, 
severe nocturnal insulin shocks, as well as 
occasional dizzy spells. It was now suspected 
that the picture was complicated by some 
factor in addition to insulin hypoglycemia. 
However, in the 2 instances during this ad- 
mission when she was observed to be uncon- 
scious with convulsive movements, she re- 
sponded to the administration of 50% glucose 
intravenously. The severity of the diabetes 
continued to fluctuate; that is, she would 
pass rapidly from marked glycosuria, even 
with acetonuria, to severe hypoglycemic 
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reaction. When discharged from the hospi- 
tal she was taking 60 units of protamine 
zine insulin daily. 

Sixth admission: April 1938. The patient 
was again admitted for frequent nocturnal 
“shocks,” although she was having daily 
glycosuria. Examination was essentially 
negative. The blood pressure was 105/75. 
Laboratory examinations were within nor- 
mal limits. A roentgenogram of the chest 
was normal; a roentgenogram of the skull 
did not show any evidence of increased intra- 
cranial pressure and the sella turcica was 
normal. An _ electrocardiogram revealed 
changes in the T waves indicating some 
involvement of the ventricular musculature. 

Further observation in the hospital re- 
vealed that there were frequent seizures. 
Occasionally these were attended by clonic 
and tonic movements; champing movements 
of the jaws, rolling of the eyeballs, and biting 
of the tongue. The attacks were followed by 
headache. They would cease spontaneously ; 
complete amnesia occurred afterward. The 
attacks tended to increase in frequency at 
the onset of menstrual periods. Occasion- 
ally the blood sugar was elevated up to 
190 mg. per 100 ce. during the episode. A 
moderate regression was induced by the use 
of phenobarbital. It was therefore inferred 
that in addition to hypoglycemic episodes, 
she was suffering from another factor, prob- 
ably of the nature of an idiopathic epilepti- 
form state. 

Seventh and final admission: September 
1938. She was admitted in severe ketosis 


which followed protracted vomiting and. 


neglect in the taking of insulin. She was 
drowsy, irrational, markedly dehydrated; 
the blood pressure was down to 76/60. She 
was treated vigorously and brought out of 
the ketotic state. She again displayed con- 
vulsive manifestations, which most often oc- 
curred at night. The blood sugar level 
varied in different attacks; at times it was 
normal or elevated, whereas at other times 
it was low. One nocturnal seizure was actu- 
ally observed and was described as follows: 
it was ushered in by an inspiratory crow; 
the head and eyes deviated to the right, the 


left arm was extended and the right arm — 


was flexed at the side; there then ensued 
coarse convulsive tremors of the shoulders 
and extremities, frothing at the mouth, 
stertorous respirations and cyanosis; the 
pupils were dilated and fixed to light; a 
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Babinski sign was present on the right. 
Dilantin was started, with no obvious effect. 

Several days later, the patient was found 
dead in bed. Presumably she had died in 
her sleep, and without any outcry or activity 
to attract the attention of either the nurses 
or the patients on the ward. Postmortem 
blood sugar was 330 mg. per 100 cc., which 
ruled out hypoglycemia as a cause of death. 

Postmortem Examination. The body was 
that of a well-nourished white female, aged 
18. There was good panniculus. The heart 
was normal. The aorta and the larger cor- 
onary branches showed scattered, flat, ather- 
omatous plaques with no narrowing of the 
lumens. The liver weighed 1600 gm., was 
smooth and showed normal lobular mark- 
ings. The lungs, gall bladder, adrenal 
glands, kidneys, uterus and ovaries were 
grossly normal. The gastro-intestinal tract 
showed prominence of the lymphoid tissue in 
the ileum and large intestine. The thymus 
weighed 35 gm. Microscopically there was 
congestion of the lungs, liver, spleen and 
kidneys. The hepatic cells were filled with 
glycogen. The pancreatic islets appeared 
normal. There was hyperplasia of the mes- 
enteric nodes. Brain: grossly, the meninges 
were smooth and shining; the meningeal 
blood-vessels were moderately engorged. 
The pituitary was grossly normal. There 
was prominence of the blood-vessels most 
marked in the frontal and parietal region, 
and also present in the pons, but absent in 
the medulla. 

Sections of the frontal lobe, stained with 
hematoxylin-eosin, disclosed several arach- 
noid cell clusters in the leptomeninges. The 
nerve cells of the cortex presented a diversity 
of degenerative changes. Some were mark- 
edly swollen; many, however, were shrunken 
and contained pyknotic nuclei, while some 
contained finely granular, deeply staining 
oval nuclei with an occasional enlarged nu- 
cleolus. There were other cells in which it 
was difficult to distinguish nucleus from 
cytoplasm. The outline of some cells was 
irregular and occasionally the cytoplasm was 
poorly defined. Satellitosis was increased. 
With Nissl stains, marked central chroma- 
tolysis was seen in some areas. The Nissl 
substance itself was usually finely granular, 
diffusely scattered through the cytoplasm or 
concentrated at the periphery at the base 
of the cell. Some cells stained very faintly. 
Both cortex and subcortex showed marked 
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and diffuse gliosis. The blood-vessels were 
engorged. Similar though less marked 
changes in the nerve cells were seen in the 
tegmentum, pons and medulla. 

Pathologic diagnosis: degenerative en- 
cephalopathy; toxic (?) encephalopathy. 

CasE 2. S. K., a white female, was first 
seen in the Out-Patient Clinic of The Mount 
Sinai Hospital in 1940, at the age of 13. 
She was treated for a keloid of the right 
hand; there were no other complaints or 
abnormal findings. In May 1943, she was 
admitted to another hospital in diabetic 
ketosis which followed 2 weeks of loss of 
weight, polyuria, polydipsia and pruritus, 
without preceding incident. She was dis- 
charged on a diet of carbohydrate (200 gm.), 
protein (80 gm.), fat (80 gm.) and 75 units 
of protamine zine insulin each morning. 
Thereafter she attended our clinic. She 
had repeated insulin reactions and frequent 
glycosuria. At first her daily requirements 
for insulin rose to 130 units of protamine zinc 
insulin, but this was gradually reduced to 
70 units. She spent part of the summer of 
1943 in a diabetic camp; and here, too, the 
the frequency of insulin shocks was clearly 
noted. 

In February 1944, she was admitted to 
The Mount Sinai Hospital for diabetic keto- 
sis, and in December 1944 she was admitted 
for appendectomy. From then until Febru- 
ary 1946 she had repeated admissions to 
several hospitals for either ketosis or shock. 
Blood pressure, blood cholesterol, blood pro- 
teins, chest roentgenograms, neurologic ex- 
aminations and the eyegrounds were always 
within normal limits. Occasionally, her 
urine would show a trace of albumin. 

In February 1946, at the age of 19, she 
was again admitted to this hospital in severe 
ketosis, following an upper respiratory infec- 
tion. The ketosis responded well to energetic 
treatment. However, the diabetes was never 
too well controlled on a high carbohydrate 
diet, with the insulin dosage varying from 
40 units of protamine zinc insulin to a 2:1 
mixture of 60 units of regular insulin and 
30 units of protamine zine insulin. During 
this hospital stay, she continued to have 
many attacks of shock which were considered 
to be related to hypoglycemia. However, 
many of these were found to occur with a 
normal of even markedly elevated blood 
sugar. The seizures were noted to consist 
of fogging of consciousness, sucking move- 
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ments of the mouth and tongue, occasion- 
ally preceded by a sensation of thirst, and 
often followed by a variable period of drowsi- 
ness. Convulsive movements, tongue-biting, 
incontinence and frothing at the mouth were 
constantly absent. There was complete am- 
nesia for these episodes. Neurologic investi- 
gation revealed: normal neurologic examina- 
tion, normal lumbar puncture findings and a 
normal skull roentgenogram. An electro- 
encephalogram showed alpha waves with 
frequencies as low as 7 per second, with 
rare bursts of 3 and 6 per second activity. 
Hypoglycemic effects on the EEG were 
ruled out by demonstrating the persistence 
of these changes even in the presence of 
marked hyperglycemia. 

Dilantin, phenobarbital and tridione were 
each tried in full therapeutic dosage with 
no measurable beneficial effect on the fre- 
quency or severity of the attacks. She was 
given a free diet and permitted to have gly- 
cosuria, but there was no change in her con- 
dition. Because of the fear of possible 
attacks, she is unable to work. At the 
present time she is still on a free diet with 
a mixture of 42 units of regular insulin and 
17 units of protamine zine insulin every 
morning. The seizures continue at the rate 
of approximately 1 every 3 days. 

An electroencephalogram made in April 
1947 again showed alpha waves with fre- 
quencies as low as 7.5 per second with rare 
bursts of 6 per second activity and some 
single 3 per second waves. Hyperventilation 
did not increase the amount of slow activity. 
A record taken 10 minutes after the intra- 
venous injection of 50 cc. of 50% glucose 
showed the same characteristics. 


Discussion. It is quite evident that 
definite abnormalities existed in both 
cases as demonstrated by the pathologic 
findings in the one and the electroencephal- 
ographic changes in the second. The 
pathogenesis of these abnormal findings 
and their relation to the clinical picture 
is a matter of great importance. Several 
possibilities are suggested: (1) they are 
the manifestations of irreversible cerebral 
changes following repeated insulin hypo- 
glycemia; (2) the changes are independent 
of the diabetes and are actually an influ- 
ence in the causation of repeated shocks; 
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(3) they are evidences of coincidental 
epilepsy. 

That repeated hypoglycemic shocks can 
and do result in irreversible changes in 
both humans and experimental animals 
has been amply verified.'4°° The actual 
pathology, while not specific, is sufficiently 
characteristic to be recognized when the 
clinical history is known. The changes 
consist mainly of multiple petechial hem- 
orrhages, proliferation of the glial tissue 
and widely disseminated injury to the 
nerve cells. Similar changes are found in 
cerebral anoxia. Clinically, the relation 
of hypoglycemia to neurologic symptoms is 
equally apparent, so much so that it has 
been aptly likened to an abnormal physio- 
logic decortication. Almost all patients 
with hypoglycemia have neurologic or 
psychiatric symptoms of one type or 
another. Little wonder, then, that per- 
manent changes result, under such condi- 
tions, in an organ as sensitive as the brain. 

The possibility that the cerebral changes 
are independent of the diabetes and insu- 
lin hypoglycemia, and are important in 
actually instigating frequent reactions has 
been suggested by Greenblatt et al? 
These authors recorded abnormal electro- 
encephalograms in 51% of their “prob- 
lem diabetics” and concluded that the 
central nervous system plays a leading 
réle in the instability. However, they 
did not rule out the possibility of hypo- 
glycemic changes. Further, such a high 
incidence of epileptiform tendencies in 


diabetics is not borne out by clinical ex- 
perience or available statistics.* 

Coincidental idiopathic epilepsy must 
be considered in the differential diagnosis. 
However, aside from the atypical features 
of the episodes, the absence of a family 
history, the lack of response to fairly 
specific drugs, and the presence of definite 
pathologic changes in the brain of Case 1 
make this highly untenable. 

At the present time, we are further 
investigating the development of the syn- 
drome in our diabetics, as well as .the 
concomitant effect on the personality and 
associated visceral changes. 

The importance of these observations is 
twofold: (1) The absolute necessity for 
the avoidance of hypoglycemic episodes is 
paramount not only for the fright of the 
immediate episode, but particularly for 
the prevention of the cumulative irreversi- 
ble effects of repeated episodes. (2) In 
the management and treatment of these 
cases, one must be aware of the possibility 
of symptoms simulating shock resulting 
from causes other than hypoglycemia, so 
that proper treatment may be instituted. 

Summary. 1. Two cases of labile dia- 
betes associated with non-hypoglycemic 
reactions are presented. 

2. The pathologic and electroencephalo- 
graphic evidence of cerebral damage were 
present in these cases. 

3. The most tenable assumption is that 
repeated severe insulin shocks produce ir- 
reversible cerebral damage. 
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CysTINURIA is a rare metabolic disease 
in which cystine stones are deposited in 
the kidney, cystine crystals may be found 
in the cornea, conjunctiva, bone marrow 
and other tissues and as much as 0.5 gm. 
of cystine'® may be excreted daily in the 
urine. Looney et al."® concluded in 1923 
that “The excretion of cystine (in cystin- 
uria) is not simply an index of a general 
disturbance in the metabolism of amino 
acids but a definite entity confined to 
cystine,” but the observations of several 
other workers are opposed to this view. 
Udranszky and Baumann," and other in- 
vestigators'® found cadaverine and putres- 
cine in the urine of some cystinuric sub- 
jects, while Loewy and Neuberg” re- 
ported that the excretion of these diamines 
by cystinuric patients was increased after 
the ingestion of arginine and _ lysine. 
Later workers*®®".4 have shown that 
cystine excretion in cystinuria was in- 
creased after the ingestion of methionine, 
cysteine (but not cystine), glycine, alanine 
and glutamic acid. It has been report- 
ed?.9.18,20.21 that aspartic acid, leucine and 
tyrosine were tolerated by cystinuric pa- 
tients or appeared almost quantitatively 
in the urine. 


Cystine, leucine, tyrosine, lysine and the 
benzoyl derivative of a substance thought 
to be derived from tryptophane!:*? have 
been detected in cystinuric urines, but 
quantitative data are lacking. For this 
reason, we determined quantitatively a 
series of amino acids in the urine of a 
cystinuric subject with the aid of micro- 
biologic methods. 


Case History. R. B., a 5 year old white 
girl, was first admitted at the age of 2 years 
to the Urological Service of the Hospital of 
the University of Pennsylvania in 1942. At 


_ that time she ran an irregular fever, had 


pain on urination and voided a cloudy urine. 
A diagnosis of undulant fever was made. 
After several months she was discharged. 
In 1943 she was readmitted to the hospital 
in coma with abdominal distention and high 
fever. She recovered from the acute episode, 
but the pain on urination and the cloudy 
urine persisted. Roentgen rays taken at this 
time indicated bilateral urinary calculi. A 
low fat diet was advised. 

The complaints continued and on Aug. 16, 
1945, she was readmitted for further study. 
Her past medical history was non-contribu- 
tory. She was a full-term baby normally 
delivered. Her diet was adequate. Devel- 
opment was normal until the stated symp- 


* This work was aided by grants to one of us (M.S. D.) from the John and Mary R. Markle Founda- 


tion and the University of California. 
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toms began at 20 months. The family 
history was negative except for 1 aunt with 
renal disease presumably renal calculi. 
Physical examination revealed a codperative 
pleasant girl who appeared small for her age. 
Blood pressure was 100/60. Tonsils were 
atrophied. Remainder of the examination 
was normal. Laboratory studies were as 
follows: hemoglobin, 68%; leukocytes, 6500 
per ¢c.mm.; urine, acid with 4 to 5 white 
blood cells per high power field; and urine 
culture, Aerobacter aerogenes and non-hemo- 
lytic streptococci. Roentgen ray and intra- 
venous urography confirmed the presence of 
a right renal calculus and a left ureteral cal- 
culus. There was a bilateral hydronephrosis. 
Cystoscopy under avertin anesthesia re- 
vealed a normal bladder cavity. Ureteral 
catheterization and pyelography confirmed 
these observations. 

A left uretero-lithotomy was performed 
on Aug. 21, 1945, and the calculus was re- 
moved from the dilated ureter. Convales- 
cence was uneventful and a right pyelo- 
lithotomy was performed on September 6. 
The elliptical-shaped calculus from the left 
ureter measured 2.4 x 0.7 cm. and the roughly 
triangular calculus from the right kidney 
pelvis measured 2 x 1.9 cm. The yellow- 
brown stones had finely granular surfaces 
and a “maple-sugar” appearance. The cal- 
culi were identified as cystine by the Sullivan 
test. Cystine crystals were found on several 
occasions. She was discharged on Septem- 
ber 23. 

She was readmitted on Oct. 22, 1945. 
The physical examination was unchanged 


except for well-healed operative wounds. - 


She was placed on a strict diet of 1500 calo- 
ries daily consisting of proteins (31 to 
50 gm.), carbohydrates (119 to 220 gm.), 
fat (73 to 110 gm.), taken as milk, fruit 
juices, oatmeal, eggs, graham crackers and 
butter. Fluids were forced to 2000 ce. daily. 
On 3 consecutive days 24 hour urine speci- 
mens were collected for analysis. She was 
then placed on methionine, 0.3 gm., 3 times 
daily for 3 days, in addition to the diet. 
Urine samples were obtained as before. 
Further studies at this time revealed: 
hemoglobin, 82%; leukocytes, 7200 per 
¢.mm.; urine, acid with many white blood 
cells per high power field and a trace of 
albumin, sugar negative; blood urea nitro- 
gen, 10 mg. per 100 ml.; fasting blood sugar, 
82 mg. per 100 ml.; carbon dioxide combin- 


ing power, 49 volumes per 100 ml.; uric 
acid, 2.2 mg. per 100 ml.; protein, 6.6 gm. 
per 100 ml.; chlorides, 106.6 m.eq. per liter; 
serum calcium, 10.3 mg. per 100 ml.; serum 
phosphorus, 3.9 mg. per 100 ml.; and alka- 
line phosphatase, 13.1 Bodansky — units. 
The phenolsulfonphthalein excretion was 
62% in 2 hours. Roentgen rays of the long 
bones showed no evidence of rickets and 
were considered normal. Intravenous urog- 
raphy demonstrated a residual hydronephro- 
sis with no evidence of calculi. 

Upon completion of these studies the child 
was discharged in good condition. She has 
remained symptom free and has developed 
normally. 

PREPARATION OF URINE Samptes. Ali- 
quots of the cystinuric urines were frozen, 
dried and preserved in this state, the dry 
material was weighed and dissolved in 
0.2 N hydrochloric acid, and the acid solu- 
tions were diluted to the original volumes 
of the aliquots. These solutions and ali- 
quots of the normal urine samples were 
deproteinized by adjusting the solutions to 
pH 6.8 and boiling them for 10 minutes. 
A few drops of acetic acid were added to 
dissolve phosphates and the mixtures were 
cooled and filtered. Aliquots taken for 
amino acid assay were adjusted to pH 6.8 
and diluted to the desired volumes. That 
this treatment was without significant effect 
on the amino acids in the urines was indi- 
cated by assays which gave values for the 
boiled samples averaging 94 (90 to 100)% 
of those found for glutamic acid, leucine 
and valine in the unboiled samples. 

Acid hydrolysates of the deprotenized 
urines were prepared by refluxing 50 ml. ali- 
quots for 6 hours at 120° with 6 N hydro- 
chloric acid. The amino acid values were 
not altered significantly by refluxing the 
samples for 20 hours under the same condi- 
tions. Excess hydrochloric acid was removed 
by distilling each solution to dryness in 
vacuo at 70 to 80°, adding 30 ml. of dis- 
tilled water to the residual material and re- 
distilling the solution to dryness in vacuo. 
Each residue was dissolved as completely 
as possible in hot water, the suspension was 
filtered, the precipitate was washed thor- 
oughly with hot N hydrochloric acid and 
hot water, and the combined filtrates were 
diluted to 100 ml. An aliquot of each ap- 
proximately 0.1 N hydrochloric acid solution 
was neutralized to pH 6.8, compensated by 
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the method described previously in this 
series of papers for the salt estimated to be 
present in the original urine and that formed 
by neutralization of the hydrochloric acid, 
and diluted to the desired volume. 

The urine samples, diluted 1:1.5 (see 
Table 1), were treated with urease to remove 
urea, a possible interfering substance at this 
low dilution of urine. The urease was puri- 
fied essentially by the method of Archibald 
and Hamilton* to remove canavanine and 
any other free amino acids. A 65 ml. aliquot 
of urine was adjusted to pH 7, an aliquot 
of the purified urease solution equivalent 
to 0.35 gm. of urease was added, and the 
mixture was incubated at 35 to 50° for 
30 minutes. The mixture was boiled imme- 
diately for 5 minutes to inactivate the urease 
and any other enzymes present, 1 drop of 


thymolblue indicator. The organisms, the 
approximate dilutions of the urine samples 
and the incubation times are given in 
Table 1. 


EXPERIMENTAL Resutts. The daily 
excretion of 15 amino acids by 7 normal 
female subjects and by the female cystin- 
uric patient over a period of 5 days is 
shown in Tables 2 and 3. That these data 
are of reasonable accuracy is indicated by 
the mean deviations from the mean of the 
values at the different levels of samples 
which ‘averaged 6.4 (3.3 to 10) % for the 
unhydrolyzed urines and 5 (2.8 to 7.4) % 
for the hydrolyzed urines. Higher values 
up to 43% were found for aspartic acid, 
isoleucine, leucine and threonine in un- 


TABLE 1.—OrGANISMS, URINE DILUTIONS AND INCUBATION Times EMPLOYED IN AMINO AcID AssaY8 


Urine dilutions 


Amino acid Unhydrolyzed Hydrolyzed 
Arginine 132.5 1:5 
Aspartic acid 1:2.5 1:20 
Cystine 1:40 1:40 
Glutamic acid 1:2.5 1:40 
Glycine 1:20 1:20 
Histidine 1:40 1:40 
Isoleucine 1:1.5 1:2.5 
Leucine 132.5 1:2.5 
Lysine 1:2.5 
Methionine 1:1.5 1:5 
Phenylalanine 1:5 1:5 
Threonine 1:1.5 1:2.5 
Tryptophane 1:20 i 
Tyrosine 1:5 1:5 
Valine 133.5 1:2.5 


3 N sodium hydroxide was added and the 
alkaline solution was boiled for 5 minutes 
to remove ammonia. The hot solution was 
acidified with acetic acid to dissolve phos- 
phates and to precipitate any proteins present 
in the urine and the urease. The suspension 
was cooled and filtered, the precipitate was 
washed thoroughly with hot water, the fil- 
trate was adjusted to pH 6.8 and the final 
solution was diluted to 100 ml. 
MicroproLocic Assay Procepure. The 
amino acids were determined by the micro- 
biologic procedures and techniques de- 
scribed by Dunn et al. in earlier papers of 
this series except that aspartic acid was 
determined by the method of Hac and Snell.” 
The final volumes of solutions employed in 
the assays were 3 ml. per 13 x 100 mm. test 
tube. Acid production was measured by 
titration with standard base using bromo- 


Incubation 
Organism time (days) 
Lactobacillus casei 
Leuconostoc mesenteroides P-60 
Leuconostoc mesenteroides P-60 
Lactobacillus arabinosus 17-5 
Leuconostoc mesenteroides P—60 
Leuconostoc mesenteroides P-60 
Lactobacillus arabinosus 17-5 
Lactobacillus arabinosus 17-5 
Leuconostoc mesenteroides P-60 
Lactobacillus fermenti 36 
Leuconostoc mesenteroides P-60 
Lactobacillus fermenti 36 
Lactobacillus arabinosus 17-5 
Lactobacillus casei 


hydrolyzed urines due primarily to the 
low concentration of these amino acids. 
The possibility that any putrescine 
(1,4-diaminobutane) and cadaverine (1,5- 
diaminopentane) present in the cystinuric 
urine might be measured microbiologi- 
cally as arginine and lysine, respectively, 
was investigated. Putrescine was obtained 
from the Eastman Kodak Company and 
cadaverine was synthesized as the dihy- 
drochloride from trimethylene bromide by 
reduction with sodium of the intermediate 
trimethylene cyanide essentially by the 
method of Ladenburg.* The cadaverine 
was only about 93% pure since the melt- 
ing point was 239° to 241° (usual accepted 
value, 242° to 243°”) and the nitrogen 
content determined by semi-micro Kjeldahl 
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URINARY EXCRETION OF AMINO 


was 14.9% (theory, 16%) for the dihydro- 
chloride. It was found that putrescine did 
not support the growth of L. casei on an 
arginine-deficient medium and that it did 
not inhibit the growth of this organism 
on the same medium supplemented with 
an adequate amount of arginine. Entirely 
analogous results were obtained with 
cadaverine. 

Discussion. It would appear from the 
data given in Tables 2 and 3 that arginine, 
cystine, histidine and phenylalanine in 
normal female urine and arginine, cystine 
and lysine in the cystinuric urine were 
present largely in the unconjugated state 
since essentially the same values for these 
amino acids were found before and after 
hydrolysis of the urines. It may be pos- 
sible, but is not probable, that conjugated 
forms of these amino acids with nearly 
identical activity for the assay micro- 
organisms were present. Since the total 
amino acids determined after hydrolysis 
averaged about 45 % higher for the normal 
urines and about 20% higher for the cys- 
tinuric urines, it may be concluded that 
large proportions of amino acids other 
than those stated existed in conjugated 
forms. This increase was especially mark- 
ed in the case of glutamic acid. These 
observations coincide generally with those 
reported by Dunn et al.’ for normal male 
urines. 

In our 7 normal subjects the amino acid 
excretion shows a remarkably uniform 
pattern, regardless of age differences (age 
varying from 8 to 33 years). 

Marked changes from the normal oc- 
curred in our case of cystinuria in the 
excretion of some amino acids both in 
absolute and relative amounts. The most 
significant increases in the unhydrolyzed 
urines were found for arginine from 16 mg. 
in normal subjects to 127 mg. in our cys- 
tinuric patient, an average for a 24 hour 
period, and from 1.3 to 14.4% of the total 
amino acids measured; for cystine from 
90 to 290 mg. and from 10.7 to 30.4% 
respectively; and for lysine from 17 to 
230 mg. and 2.4 to 24.2% respectively. 
In hydrolyzed urines the corresponding 
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increases were for arginine from 16 to 
137 mg. for an average 24 hour period, 
and from 1.3 to 13.7% of the total amino 
acids measured; for cystine from 80 to 
260 mg. and from 6.4 to 21.7% respec- 
tively; and for lysine from 60 to 250 mg. 
and from 5.2 to 23.7% respectively. The 
most significant average decreases were 
for glycine, from 690 to 260 mg. and from 
68 to 23% in unhydrolyzed urines; and 
from 530 to 160 mg. and from 43 to 15% 
in hydrolyzed urines; for histidine, from 
80 to 26 mg. and from 10.8 to 2.9% in 
unhydrolyzed urines; and from 90 to 
38 mg. and from 7.7 to 2.8% in hydro- 
lyzed urines. It is of further interest that 
the combined excretion of arginine, cys- 
tine, glutamic acid, histidine, glycine and 
lysine averaged about 90 (75.2 to 96.6) % 
of the 15 amino acids which were deter- 
mined in all of the normal and cystinuric 
urines. 

The data presented are in accord with 
the view that in cystinuric patients the 
metabolism of amino acids may be de- 
ranged in several respects and not only 
with regard to that of cystine. The report 
by early workers that the diamines, putres- 
cine and cadaverine, which are closely 
related to arginine and lysine, were ex- 
creted in the urine by some cystinuric 
subjects is in harmony with this conclu- 
sion and with our own findings of an 
excreased excretion of arginine and lysine. 

In confirmation of previous work,**§-".4 
ingestion of methionine increased urinary 
excretion of cystine in our patient. 

Recently, Fanconi® called attention to 
the intimate pathogenetic relation of cys- 
tinuria to a particular syndrome character- 
ized by stunted growth, rickets, hypo- 
phosphatemia, acidosis, glycosuria and 
high excretion of organic acids, including 
amino acids. It may be assumed that in 
cases showing this syndrome the disease 
develops first as cystinuria, leading to 
renal injury, followed by other metabolic 
changes characteristic for impairment of 
renal function (acidosis, hypophosphate- 
mia, osteodystrophy). In this stage of 
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the progressive disease, cystine crystals 
may be found in organs and tissues, and 
demonstrated in vivo by bone marrow 
biopsy. Fanconi suggests the use of the 
terms “cystine storage disease,” or with 
reference to the general disturbance of 
amino acid metabolism—“ diabetes acid- 
aminicus et aminicus.” Our patient has 
not shown the typical Fanconi syndrome, 
and the pathologic disturbance manifested 
itself only in the high excretion of cystine 
and several other amino acids. It is con- 
ceivable that the impairment of renal 
function with consecutive osteodystrophy 
will develop at a later age. 


Summary. The daily excretion of 15 
amino acids in unhydrolyzed and hydro- 
lyzed normal and cystinuric female urines 
has been determined by microbiologic 
methods. Evidence has been presented 
which indicates that some amino acids 
are present largely in conjugated and some 
largely in unconjugated forms. Marked 
increases from the normal excretion of 
arginine, cystine and lysine and marked 
decreases in glycine and histidine occurred 
in cystinuria. The view of some early 
workers that there is a general disturbance 
in the metabolism of the amino acids in 
cystinuria is supported by the present 
observations. 
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THE EXAMINATION OF THE HYPERTENSIVE PATIENT 


By Marcus Backer, M.D. 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE, YALE UNIVERSITY SCHOOL OF MEDICINE 
NEW HAVEN, CONNECTICUT 


In an era of preventive medicine and 
specific therapy we face a generation of 
physicians in fervent quest of still another 
antihypertensive formula, of a bigger and 
better surgical antihypertensive procedure. 
It is difficult to find a remedy with which 
to undo the harm wrought by parental 
contempt of the laws of heredity. Thus 
far, essential hypertension remains a famil- 
ial disease, irrevocably determined by the 
inheritance of a constitution productive 
of arterial hypertension, and void of a 
satisfactory solution. 

Meanwhile, the clamor for such a final 
solution tends to override our sense of 
diagnostic discrimination in many an in- 

‘stance of hypertension arbitrarily desig- 
nated as “essential.” Occasionally, a 
patient, for years under supervision be- 
cause of “essential hypertension,” is 
finally recognized as having another clearly 
demonstrable disease. It is not known, of 
course, how many cases wrongly labeled 
“essential hypertension” never come to 
a correct diagnosis. 

As it is, some physicians subject their 
hypertensive patients to a wide range of 
investigation, while many others do not 
go beyond using the sphygmomanometer. 
Between these two opposite diagnostic 
attitudes there is a wide gradation of 
attempt at differential diagnosis, more or 
less remote from completeness, depending 
upon the training, zeal, and inquisitive- 
ness of the given physician. 

Under these circumstances, it is deemed 
purposeful to outline a desirable routine 
examination of patients who manifest a 
significant rise of arterial tension. By the 
same token, it is proposed that the diag- 
nosis of essential hypertension be made 
dependent upon evidence obtained from 
such routine examination. Patients not 
so examined or the cause of whose hyper- 
tension is not clearly definable should not 


be disposed of by the short-cut diagnosis 
of “essential hypertension;” they should 
be regarded as instances of arterial hyper- 
tension of unascertained origin. 

Last but not least, extensive examina- 
tion of the new patient afflicted with hy- 
pertensive disease serves a much broader 
purpose than mere etiological classifica- 
tion. It aids in the appraisal of the 
severity and spread of this disease, reveals 
its organic distribution and functional 
pathology, and facilitates prognosis and 
reasonable treatment. 

The following is submitted as a feasible 
plan of investigation to be followed in 
cases of arterial hypertension. Several of 
these headings may offhand seem to be 
part and parcel of any complete examina- 
tion. Under all of them, however, special 
points of pertinent interest are stressed 
apart from the usual routine which they 
imply: (1) Family history; (2) individual 
history; (3) physical examination; (4) 
urinalysis; (5) blood serology; (6) flat 
Roentgen ray plate of the chest; (7) elec- 
trocardiography; (8) nitroglycerine-test; 
(9) exercise tolerance test; (10) kidney 
function test; and (11) urography, and 
special urological investigation, if indi- 
cated by findings obtained from above 
procedures. 

1. Famity History. The family-tree 
is to be searched for the occurrence of 
hypertensive disease, vascular accidents, 
sudden deaths, eclampsia and allied hyper- 
tensive manifestations. The body build 
of the patient should be noted and com- 
pared, by careful questioning if necessary, 
with that of a parent or sibling known to 
be afflicted with, or to have died of, hyper- 
tensive disease. In this connection, the 
pyknic constitutional type merits par- 
ticular importance: the short-necked, 
barrel-chested individual with well arched 
feet, high horizontal shoulder-girdle, good 
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muscular endowment, heavy skeletal 
frame. 

The age of deceased parents is sig- 
nificant: patients with moderately severe 
hypertension may well reach the 6th or 
even the 7th decade of life; a record of 
decided longevity in the ancestry prac- 
tically precludes the existence of grave 
hypertension of the familial type. 

The discovery of one or more cases of 
congenital heart disease of any type in 
the family of a hypertensive patient should 
suggest the possibility of coarctation of 
the aorta with proximal arterial hyper- 
tension. 

A dependable history of polycystic kid- 
ney in some member of the family prompts 
the consideration of a similar mechanism 
being involved in the arterial hypertension 
of the patient under examination and 
justifies instituting urographic and other 
measures for the study of such a diag- 
nostic possibility. 

2. InpivipuAL History. The past his- 
tory and symptomatology of the young 
hypertensive patient need to be scrutinized 
with a view of possible presence of coarcta- 
tion of the aorta: one may find parallel 
manifestations of “cold feet” and head- 
aches in such patients, or the unexpected 
symptom of intermittent claudication, all 
explicable on the basis of the underlying 
anatomical variation of the arterial chan- 
nels and their respective consequences 
above and below the coarctation. 

Again, in the young hypertensive per- 
son, a history of “neuritis” attacks, unex- 
plained cough, and bizarre episodes of 
abdominal pain, may well suggest a search 
for the generally elusive entity of peri- 
arteritis nodosa. 

If the history is one of periodic acute 
episodes ranging from headaches to col- 
lapse, alternating with intervals of freedom 
from hypertensive complaints, and one is 
able to elicit also the complaint of uni- 
lateral lumbar backache, one should cer- 
tainly not ignore the possibility of a 
pheochromocytoma with paroxysmal hy- 
pertension. Conversely, however, chro- 
nicity alone does not preclude such an 


impression. When one suspects the arterial 
hypertension to be due to such a medul- 
lary adrenal neoplasm, it may be helpful 
to question the patient concerning pos- 
sible glycosuria in the past on some occa- 
sions but not on others: in such patients, 
simultaneous paroxysms of hypertension 
and excessive glycogenolytic bouts with 
glycosuria are likely to have occurred in 
the past. 

The duration of the hypertensive his- 
tory may be significant. If it coincides 
with menopause, spontaneous or surgical, 
and did not precede it by several years, 
one may suspect the existence of benign 
menopausal hypertension. 

At times, a real and deliberate effort 
must be made to unearth a psychogenic 
cause of even very long lasting hyper- 
tension. Such an effort at probing the 
patient’s history is especially indicated 
when the investigator is impressed with 
the contrast between the long duration 
and the remarkably benign course of the 
disorder. Occasionally, such search dis- 
closes a death, marital separation, or some 
other critical event in the patient’s past 
ushering in the onset of complaints. 

The importance of such findings in the 
history is appreciated when “essential”’ 
hypertension of seemingly serious severity 
actually ceases to exist after the provoca- 
tive background has been eliminated. As 
an example of this kind the following case 
is’ cited. 


Case Reports. Case 1. An obese woman 
55 years old had a blood pressure up to 
225/115, with severe hypertensive complaints 
of many years duration. She was married 
to a person not mentally normal, of a family 
studded with instances of insanity. An 
insane son born of this union lived at home. 
He had long been a source of emotional 
conflict between the patient’s maternal at- 
tachment, on one hand, and her admission 
of the urgent need of his confinement at an 
institution, on the other. Also, her husband 
was steadily becoming a still further source 
of perpetual irritation and worry because 
of growing invalidism demanding constant 
attention. Significantly, her heart was not 
enlarged on Roentgen ray examination and 
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her electrocardiogram was satisfactory. After 
her husband died and her son finally was 
placed under institutional care, the patient, 
now living peacefully with other members 
of her family, has no hypertensive com- 
plaints, and her blood pressure averages 
145/95. 


One is always impressed with the his- 
tory of years of anxiety and worry of the 
small business-man drifting hopelessly be- 
tween poor credit, not enough stock, too 
few customers, too much chain-store com- 
petition, too many threats of foreclosure. 
Such an individual’s elevated blood pres- 
sure, in the absence of definite evidence 
to the contrary, is not a manifestation of 
hypertensive disease; rather, it is a neuro- 
circulatory reflection of his economic mal- 
adjustment. 

In the history of such instances of 
“hypertension” one seeks, but does not 
find, any true episodes of hypertensive 
disease, such as stenocardia, anginal-seiz- 
ures, or paroxysmal nocturnal dyspnea. 
Conversely, one distinguishes from such 
real manifestations of hypertensive heart 
disease the various neurocirculatory com- 
plaints of “inability to breathe,” the 
notorious sighing type of respiration, or 
the “nocturia” due to nervous insomnia 
but conspicuous by its absence during a 
spontaneous or induced restful night. In- 
deed, such patients often volunteer to 
supply a history of relative well-being 
during their hours of work and concentra- 
tion, while their periods of distress, upon 
inquiry, may be found to follow excite- 
ment and aggravation. 

On the opposite side of the ledger, a 
history of infections, no matter how remote 
in the patient’s past and regardless of 
their severity, such as sore throat, tonsil- 
litis, or scarlet fever, tentatively suggest 
the need of ruling out chronic glomerulo- 
nephritis with hypertension. 

Lead poisoning in the patient’s past is 
significant: it may be the source of hyper- 
tension encountered long afterwards, and 
the kidneys may never have been in- 
volved.? 

Rare instances of “essential” hyper- 


tension are known to have been accounted 
for by head injuries and by cerebral infec- 
tions which had occurred previously but 
which have produced neurological changes 
in the hypothalamus with resulting eleva- 
tion of the blood pressure. 

A history of diabetes mellitus militates 
against hasty labeling of patient’s high 
blood pressure level as essential hyper- 
tension. In the first place, diabetics have 
a tendency to mild systolic hypertension ;* 
in the second place, it is necessary to 
ascertain the patient’s antidiabetic regi- 
men and its efficacy. So many a diabetic 
person loses his “hypertension” after the 
diabetes has been brought under satis- 
factory control, without any other attempt 
at reducing the arterial tension. 

3. Paysicat Examination. At the first 
examination, the finding of an elevated 
blood pressure should not be accepted 
with finality, in itself, as a token of hyper- 
tensive disease. This is clear in view of 
the wide range of blood pressure fluctua- 
tion under various circumstances and the 
emotional element often entering into con- 
sideration, especially during the first ex- 
amination by a new physician. One pro- 
ceeds examining the patient completely 
and, unable to elicit additional evidence 
of arterial hypertension, defers a conclu- 
sion until it is justified by several readings 
under basic conditions of physical rest 
and emotional equanimity. 

On each occasion and as a matter of 
routine, the reflex elevation of the blood 
pressure following inflation of the cuff 
should be disregarded. Repeating the 
procedure slowly a few times, one generally 
finds the last reading the lowest. 

An increased pulse rate detracts from 
the dependability of the blood pressure 
reading; it points to a momentary state 
of excitability with increased systolic 
arterial tension. This is encountered only 
too frequently and should not be confused 
with the picture of hyperthyroidism in- 
cluding tachycardia, systolic hypertension, 
relatively low diastolic blood pressure, 
and a wide pulse pressure. 

' Blood pressure determinations during 
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the menstrual cycle are often misleading. 
The same is true for the patient with a 
distended urinary bladder or one sup- 
pressing an urgent need of bowel evacua- 
tion. In cases of neurosis with vascular 
manifestations the blood pressure may be 
found to be appreciably high because the 
patient smoked before the examination. 
Disparity of the blood pressure read- 
ings between the two arms, like the in- 
equality of the radial pulse, should arouse 
the suspicion of luetic aortic disease or of 
extensive arteriosclerosis of the aortic arch 
with involvement of a subclavian artery. 
In the young person, the discovery of 
arterial hypertension in the arms prompts 
one to examine the arterial circulation of 
the lower extremities: poorly palpable 
dorsal arteries of the feet and a blood 
pressure reading in the popliteal space 
paradoxically lower than that in the 
brachial arteries may lead to the diag- 
nosis of coarctation of the aorta. Indeed, 
the palpability of the posterior tibial and 
dorsal arteries should be tested routinely 
in hypertensive patients of any age. In 
those suspected of having coarctation of 
the aorta, signs of compensatory collateral 
circulation should be looked for in the 
thorax, especially in the subscapular areas. 
_ The physician need not regard this as 
bending backward to find a case of coarc- 
tation of the aorta. It is a fact that such 
cases are usually discovered accidentally 
by the roentgenologist, instead of by the 
clinician. 


Case 2. A white woman, 42 years of 
age, came to the attention of the writer 
with the label of “essential” hypertension. 
She had been subject to episodes of bilateral 
headache and dizziness for many years. At 
one time, her 3rd pregnancy had been inter- 
rupted “therapeutically” because of hyper- 
tension, though 2 previous pregnancies had 
been entirely uneventful. Several fainting 
spells had occurred in the past. She com- 
plained of irritability, swelling of the ankles 
on prolonged standing, and _ increasing 
dyspnea on mild exertion. Strenuous exer- 
tion also caused substernal pain without 
radiation. During the time since November, 
1943, she was examined by many observers. 
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According to their records, her average blood 
pressure had been 195/105. Once, an episode 
of pyelitis prompted one of her examiners 
to raise the question of anatomical mal- 
formation of the urinary tract as a possible 
explanation of the entire picture, including 
the hypertension. The impalpability of the 
dorsal arteries of both feet had been noticed 
by one of her first attendants. Also, mild 
exophthalmus remained a constant finding, 
without any other signs of hyperthyroidism. 

During the examination by this writer, 
the patient complained of choking sensations 
in recumbent posture, in addition to the 
symptoms referred to above. On that occa- 
sion, her blood pressure ranged from 235 to 
240 systolic and from 95 to 105 diastolic. 
A review of the available clinical data seemed 
to establish clearly: marked systolic hyper- 
tension with but slightly elevated diastolic 
blood pressure in the absence of aortic 
insufficiency; uneventful course; appearance 
of good health despite the long duration of 
her hypertension; lack of any evidence in 
support of renal etiology; lack of any other 
clear-cut etiological data. The label of 
essential hypertension did not seem to be 
justified. On the other hand, the choking 
sensations on lying down, slightly wheezy 
expiratory breath sounds, the impression of 
increased dullness beneath the manubrium 
sterni, and the long known mild exophthal- 
mus, suggested the possibility of a substernal 
thyroid adenoma. It was for this reason, 
that a basal metabolic rate determination 
and a chest Roentgen ray plate were ob- 
tained. The metabolic rate was found to 
be plus 22%, and there was no substernal 
thyroid lobe visible. However, the Roentgen 
ray plate showed a considerably widened 
first portion of the aorta, which may have 
been the cause of the increased dullness 
beneath the upper sternum, and very marked 
erosion of the inferior border of all ribs. 
Thus, the Roentgen ray findings, not the 
combined efforts of all clinical attendants, 
established the diagnosis of coarctation of 
the aorta. 


When the examiner is impressed with 
considerable obesity in a patient whose 
blood pressure he found to be abnormally 
high, he will do well not to diagnose 
arterial hypertension unless the blood 
pressure remains high after adequate re- 
duction of the patient’s body weight. He 
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will, however, distinguish that type of 
hypertension which is associated with 
obesity of a characteristic distribution, 
hirsutism, abdominal striz, and, possibly, 
other manifestations of Cushing’s disease. 

Precordial auscultation in a patient with 
high blood pressure often elicits the con- 
comitant accentuation of the second aortic 
sound. During subsequent examinations, 
the blood pressure may, of course, vary 
from time to time. If the unduly loud 
second aortic sound remains constant, the 
persistence of this auscultatory observa- 
tion, regardless of the variation in blood 
pressure level, connotes hypertensive dis- 
ease, provided luetic aortitis and thyro- 
toxicosis have been ruled out. 

No hypertensive patient is ever fully 
examined without visualization of the 
eye-grounds. Competent ophthalmoscopic 
examination, because of its diagnostic and 
prognostic importance, if not possible at 
the hands of the examining physician, 
should be requested elsewhere in each 
instance. In conjunction with other data 
derived from the study of each case, 
visualization of the eye-grounds may help 
in determining not only the extent of 
hypertensive vascular damage but also 
the pathogenetic type concerned. For a 
comprehensive review, the reader is re- 
ferred to the corresponding chapter of 
A. Fishberg’s “ Hypertension and Nephri- 
tis.’’ 

4. URINALYsIs significantly reveals 
nothing unusual in uncomplicated essen- 
tial hypertension. When it discloses 
albumin in the urine, the possibility of 
orthostatic albuminuria should be ruled 
out. For the purpose of microscopic 
examination, a centrifuged urinary sedi- 
ment should be obtained. It may provide 
a clue to the réle, primary or otherwise, 
of the kidneys as well as to the extent of 
the renal disease. One stresses this point 
in view of the relatively small number of 
practicing physicians who resort to the 
use of a centrifuge. 

Repeated urinalyses may occasionally 
produce findings suspicious of pyeloneph- 
ritis requiring further examinaiion and 


urological consultation. Information so 
obtained may lead to identification and 
removal of an infected kidney with aboli- 
tion of the hypertensive mechanism. 

5. SypPHILIs, cardiovascular or other- 
wise, is not known to play a causative réle 
in arterial hypertension. Nevertheless, it 


- is wise to institute serological tests in at 


least a great many cases of hypertension 
for the following reasons: The constitu- 
tional manifestation-time of hereditary 
hypertensive disease generally coincides 
with early middle age; so does the occur- 
rence of luetic aortitis. Both produce, at 
first, the same complaints of stenocardia 
and mild dyspnea on exertion. In both, 
there is an accentuated second aortic 
sound. On the other hand, the height of 
the blood pressure in early arterial hyper- 
tension may not be impressive enough to 
be of decisive diagnostic aid. Under such 
circumstances, negative blood tests point 
to a hypertensive process, while positive 
results establish the existence of luetic 
aortitis. Needless to say, however, one 
occasionally sees both in the same patient. 
6. RoENTGEN Ray Stupy oF THE HEART 
In HyPERTENSION yields information con- 
cerning the size of that organ. In essential 
hypertension, as in cardiorenal disease due 
to primary chronic nephritis or nephro- 
sclerosis, the left ventricle is enlarged. 
However, in primary Bright’s disease the 
heart always increases in size; in essential 
hypertension, in relatively rare instances, 
it fails to show any significant change for 
a period of many years. There has never 
been any convincing explanation of this 
phenomenon. In the experience of the 
writer, this finding of a fairly normal 
cardiac silhouette in a case of true essential 
hypertension never justified any prog- 
nostic optimism: ultimately, the outlook 
proved to be commensurate with the sum 
total of all the other signs and symptoms 
of the disease. Such a finding does, how- 
ever, dictate double caution in ascertain- 
ing whether or not one is confronted with 
some benign form of hypertension not 
productive of cardiac enlargement. 


In hypertensive patients a Roentgen 
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ray plate of the chest is preferable to 
fluoroscopic examination. It is valuable 
by comparison with previous as well as 
with subsequent roentgenograms. Also, 
one is not likely to visualize fluoroscopic- 
ally erosions of the ribs in coarctation of 
the aorta or inconspicuous foci of aortic 


sclerosis. For forensic purposes, too, the - 


Roentgen ray plate is by far the more 
eloquent record. 


7. AN ELECTROCARDIOGRAM showing a 


moderate deviation of the electrical axis 
or mild slurring of the main deflections 
offers no aid in estimating the heart’s 
share in the consequences of hypertensive 
disease. A high voltage electrocardiogram 
alone testifies, at times, to a long-lasting 
hypertension known to have a mortality* 
of about 40%. Extensive T-wave changes 
in the Ist and 2nd leads, in the absence of 
digitalis medication, gross alteration of 
the QRS complexes with delayed intra- 
ventricular conduction, or the electro- 
cardiographic counterpart of pulsus alter- 
nans, indicate the existence of serious 
- structural lesions and are not a good 
prognostic omen. Unfortunately, one 
meets altogether too often with a profuse 
indulgence in the stereotyped terminology 
of “ myocardial damage”’ without any real 
foundation in the tracing; such loose 
“interpretation” must be discouraged. 

Successive electrocardiographic records, 
like Roentgen ray plates taken at reason- 
able intervals, may be of considerable 
value in demonstrating consistently pro- 
gressive changes of significance. The 
examiner will do well, therefore, always 
to compare a tracing taken of a new 
patient with a previously obtained electro- 
cardiogram, if available. 

8. NITROGLYCERINE Test. The revers- 
ibility of high blood pressure is naturally 
the object of immediate concern to the 
examiner. One used to hear in the past 
from some formidable clinicians how for- 
tunate it was for the hypertensive patients 
that physicians did not have it in their 
power to lower their blood pressure. Yet, 
in the natural course of pathological 
events, such as following a cerebral or a 
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cardiac vascular accident, one occasionally 
sees a patient with a lasting spontaneous’ 
reduction of the blood pressure not in the 
least to his harm. Conversely, there is 
good reason to expect vasospasticity of 
long duration to bring about in some vital 
organs a vise-like constriction of the vasa 
vasorum running along within the arteri- 
olar walls, with impairment of nutrition 
and necrosis of arteriolar tissue. 

For the purpose of testing the fixed or 
flexible nature of the patient’s hyperten- 
sive level, the writer has, for several years 
past, routinely employed nitroglycerine 
sublingually, from 1/200 to 1/100 grain, 
depending on the body weight of the 
patient. No untoward effects have oc- 
curred. The method has the advantage of 
brevity. It obviates the need of resorting 
to more complicated depressor tests. It 
offers the same information within a 
period of about 5 minutes. When the 
patient is told, in advance, of the ensuing 
cerebral manifestations of the nitroglycer- 
ine effect, he accepts the assurance of their 
fleeting occurrence with equanimity. 

9. Exercise ToLerance Test. For 
the purpose of testing the patient’s exercise 
tolerance, no special devices are needed. 
With the blood pressure cuff attached to 
the arm, the patient is observed before 
and after brusque change from the supine 
to the sitting position repeated 25 times 
or less on the examining table. This pro- 
cedure would seem to be simpler, but no 
less instructive, than hopping on the floor 
or negotiating a 3-step footstool. ' 

10. Kipney Function Test. Ordinar- 
ily, it suffices to limit examining renal 
function to the concentration test and 
the estimation of the excretion of phenol- 


sulphonephthalein. Both are easily carried 


out without the need of referring the 
patient to any institution or laboratory. 

11. Urograpuy. In the absence of any 
instance of hypertensive disease in the 
family, and without any objective evi-_ 
dence concerning the pathogenesis of the 
patient’s sustained hypertension, extensive 
urological investigation is mandatory. 


‘ 
‘ 
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Ureteral catheterization should be em- 
ployed in order to: (1) Secure urine from 
each side for microscopic and cultural 
studies; (2) test the secretion of phenol- 
sulphonephthalein from each kidney; (3) 
obtain retrograde urograms. Probably, 
not enough codperation between the 
physician in charge and the urologist has 
been cultivated hitherto for the benefit 
of obscure cases of arterial hypertension. 
The urologist’s help is not requested often 
enough. 


Summary. The finding of high blood 
pressure in a patient is a challenge to the 
examining physician. It imposes on him, 
in each case, the obligation to attempt 
etiologic study, classification, and overall 
appraisal of the pathologic process in its 
entirety. 

For this purpose a suitable plan of 
bedside and laboratory examination is 
indispensable and should be adopted as a 
necessary routine. An outline of such 
examination is here discussed and proposed 
for consideration. 
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INFARCTION OF AN ENTIRE PULMONARY LOBE WITH SUBSEQUENT 
ASEPTIC SOFTENING CAUSING STERILE HEMOPNEUMOTHORAX 
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It is not generally realized that in rare 
instances pulmonary infarcts may undergo 
softening that is aseptic, with subsequent 
rupture into the pleural cavity, causing 
sterile pneumothorax. A search of the 
available literature has revealed only 5 
such cases,'*46 in only 3 of which the 
lesion was proven by postmortem exam- 
ination.** To this small series we wish 
to add a sixth case, which shows several 
unusual features. 

The reported cases are listed in Table 1. 
It will be seen that the proven cases all 
occurred in patients of about 40 years 
of age who suffered from heart disease 
and congestive failure. The source of the 
embolus was variable, as was the affected 
pulmonary lobe. The size of both infarct 
and perforation varied considerably. Per- 
foration occurred in the 2nd or 3rd week 
following infarction. A positive pressure 
pneumothorax was the rule, and the char- 
acter of the pleural fluid varied from 
serous to frankly sanguinous. In 4 cases,*-4 
including the one here discussed, the pa- 
tients died shortly after the occurrence of 
the perforation; in the other 2 cases,!* in 
both of which the etiology of the pneumo- 
thorax is open to question, the patients 
survived—at least until after the pneu- 
mothorax had disappeared. 


Report of Case. A 39 year old colored 
male (Univ. of Penna. Hospital, No. ’46-80, 
142), whose family history was not signifi- 
cant, stated that he had been hospitalized 
at the age of 20 for 6 months for a severe 
illness, the nature of which is not known. 
Except for this episode he had enjoyed good 
health. One year prior to admission, he 


was rejected by the Army because of albu- 
minuria. About this time he began to notice 
weakness, easy fatigability and weight loss. 
On Oct. 25, 1946, he was suddenly stricken 
with an attack of dyspnea while climbing a 
ladder. This forced him to stop work. 


Abdominal distention developed on Novem- | 


ber 15, and was accompanied by generalized 
abdominal pain and constipation. For the 
first time he noted ankle edema. The next 
day he was admitted to this hospital. 

Physical examination at this time showed 
evidence of congestive heart failure, with 
venous distention, and coarse rhonchi and 
rales in both lungs. There was moderate 
ankle edema, and the liver extended 3 fingers 
below the costal margin. The heart was 
moderately enlarged, and the sounds were 
weak and muffled. The blood pressure was 
114/90 mm. Hg. Respirations were 32 per 
minute. The pulse was 90, and its quality 
was poor. The patient was afebrile. There 
was some abdominal distention. 

Laboratory examinations revealed a nor- 
mal blood count, a negative Wassermann 
reaction, considerable albumin in the urine 
and occasional granular casts. Blood urea 
nitrogen was 16 mg. per 100 cc.; serum 
bilirubin was 1.6 mg. per 100 cc. The sedi- 
mentation rate was 33 mm. per hour, and 
electrocardiographic studies gave equivocal 
results. 

Roentgen examination of the chest (Fig. 1) 
showed an enlarged heart with left ventricu- 
lar preponderance, passive congestion of the 
lungs, and effusion or thickened pleura on 
the right side. 

The patient was digitalized with improve- 
ment of all symptoms, and disappearance 
of the signs of congestive failure. Exam- 
ination at this time disclosed an aortic 
diastolic murmur and a protodiastolic gal- 
lop. He seemed in excellent condition, how- 


* Trainee of the National Cancer Institute. 
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ever, and was discharged on Dec. 7, 1946, 
to be followed as an out-patient. 

He was seen 1 week later, and seemed to 
be doing well, but shortly thereafter edema 
recurred, and he stayed in bed at home. 
Three weeks before the second admission 
(about 3 months after leaving the hospital) 
he developed hemoptysis, followed by pain 
in the left chest, severe dyspnea, cough and 
increased weakness. He was readmitted on 
March 21, 1947. Hemoptysis was consider- 
able, and pulmonary infarction was sus- 
pected. The patient was in marked conges- 
tive failure, and soon developed jaundice. 
The Van den Bergh test gave an immediate 
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gested (Fig. 2). The pressure in the left 
chest was found to equal 700 mm. of water. - 
On aspiration, 2000 cc. of air and 180 cc. of 
dark bloody fluid were removed. 

The positive pressure pneumothorax was 
not controlled by repeated aspirations of the 
left chest or by supportive treatment. The 
patient died 4 days after admission, about 
5 months after the clinical onset of congestive 
failure. 

Autopsy. The body was that of a well- 
developed well-nourished colored male, with 
a moderate degree of jaundice. Both legs 
showed pitting edema extending to the groin, 


Fic. 1.—Roentgenogram of the chest on first admission. The heart is enlarged and shows left ven- 
tricular preponderance. ‘Che lungs exhibit slight evidence of congestion and there appears to be thick- 


ened pleura or effusion in the right pleural cavity. 


direct reaction, and serum bilirubin was 
found to be 6.8 mg. per 100 cc. The blood 
urea nitrogen rose progressively to 98 mg. 
per 100 cc. The right leg was more swollen 
than the left, but other signs of phlebo- 
thrombosis were absent. 

Three days after admission, Roentgen ex- 
amination showed signs of a left pneumo- 
thorax with collapse of the left lung, and 
the presence of fluid at the base. The 
mediastinum was shifted to the right. Areas 
of decreased density were seen in the region 
of the left lower lobe; the lower part of the 
right lung appeared consolidated and the 
remainder of the right lung markedly con- 


the right leg being considerably more swol- 
Jen than the left. 

The left pleural cavity contained air under 
tension, and 600 cc. of bloody fluid. The 
left lung was attached to the apical parietes 
by a dense fibrous band. The right lung 
was adherent on all sides by fibrous bands. 
The layers of the pericardium were thick- 
ened and everywhere firmly adherent. 

The heart weighed 590 gm. The left 
ventricle was dilated and hypertrophied, and 
contained small old adherent mural thrombi. 
No evidence of myocardial infarction was 
noted, however. The chorde tending of 
the mitral valve were thickened and fused, 
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The aortic cusps were thickened and calcified was almost completely collapsed. There bi 

and fused, and their free edges were rolled was infarction of the entire left lower lobe st 

inward. The valves appeared to be both caused by a large embolus, broken off throm- re 

stenotic and insufficient. bus, which completely occluded the principal of 

The upper lobe of the left lung (Fig. 4) artery to the lobe. The entire lobe was ca 
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Fic. 2.—Roentgenogram of the chest, shortly before death. There is collapse of the left lung asso- 

ciated with almost complete left pneumothorax. At the base of the left lung are several areas of de- 

creased density. These proved to be due to air in the liquefied portions of the infarcted left lower lobe. 

There is a collection of pleural fluid on the left. The right lung is markedly congested and there are 

some areas of consolidation in the lower lung field. 
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Fic. 3.—Roentgenogram of the chest taken after death. Note the mottled areas of decreased density thro 
n the left lower lobe which are due to air in the softened and ruptured parts of the lobe. Note fluid th 

evel and shift of mediastinum to the right. e € 
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bulky, solid and dark blue-gray on its outer 
surface. The cut surface was firm and dark 
red in color. The lower and anterior portion 
of the lobe was occupied by a large ragged 
cavity, which communicated with the pleural 
space by a wide circular opening measuring 
6 cm. in diameter. The interior of the cavity 
was filled with clotted blood and soft débris. 
Another, smaller cavity, 3 cm. in diameter, 
was found in the interior of the upper por- 
tion of the lobe, the remainder of which had 
the characteristic appearance of a hemor- 
rhagic infarct. 


Microscopic study of the various organs 
added no information to the gross examina- 
tion. Of particular interest is the absence of 
bacteria in the softened areas of the pulmo- 
nary infarct, indicating its aseptic character. 


Comment. A number of unusual fea- 
tures occur in this case, namely the large 
size of the pulmonary infarct, the aseptic 


.character of the softening, its rupture into 


the pleural cavity with the causation of 


Fie. 4.—Left lung. Note aseptic softening of the infarcted lower lobe. A circular opening on the 
pleural surface, 6 cm. in diameter, leads into a ragged walled cavity in the left lower lobe, which is 
completely infarcted. The cavity is filled with débris and clotted blood. 


The right lung contained several smaller 
infarcts in its middle and lower lobes respec- 
tively. The other organs showed passive 
congestion, which was very marked in the 
kidneys. In the right femoral and iliac 


veins was a large adherent antemortem 
thrombus, presumably the site of origin of 
the emboli. 


hemopneumothorax, the jaundice and the 
high blood urea nitrogen. 

It is well known that the size of pul- 
monary infarcts may vary “from a diam- 
eter of about 1 cm. to such a size as to 
occupy almost the whole of a lobe.’’*> In 
this case the entire left lower lobe was 
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infarcted owing to occlusion of its main 
artery. 

The ordinary course of events after the 
occurrence of pulmonary infarction (pro- 
vided the patient survives a sufficient 
length of time) is gradual organization of 
the infarct resulting in a fibrous scar. In 
very rare instances, however, the necrotic 
area may undergo aseptic softening with 
resulting cavitation;?:? the present case is 
an example of this unusual outcome. 


in the right base are rathef typical of the 
appearance seen when infarcts occur in a 
markedly congested lung, as we have 
observed them in several similar studies 
by postmortem roentgenograms. The 
mottled areas of decreased density in the 
left upper lobe proved to be due to partly 
aérated lung. The similar’ but more 
sharply defined areas seen in the left 
lower lobe were due to air within the 
liquefied portion of this infarcted lobe. 


TaBLE 1.—ANALyYsIS OF Data oF REPORTED CASES 


Time of oc- Tension 


Underlying Source of Location of Size of Size of currence of pneumo- Pleural 
Case Sex Age condition embolism infarct infarct perforation perforation thorax fluid 
Hayashi‘ M Cardiac infarct Rt. vent. RLL Large Large Yes Serofibrin. 
No. 7 
Hayashié F Nephritis,lft.vent. Leg RUL Serofibrin. 
No. 8 hypertr.,rheum. 
mitral dis. 
Guggenheim? F 37 Coronary dis. Leg (?) R Size of a Sizeofa 12 days ep Serous 
nut lentil 
Daniels! M 20 Typhoid Leg L Yes None 
Rogers® M 44 Hyperten.ht.dis., Rt.vent. RLL,LLL, Largest, est 9 days No  Serous 
card. infarct, RML 4x4x3 
apical aneurysm cm. 
Rawsonand M 39 Rheum. aorticdis., Leg LLL Entire 6 cm. 3 weeks Yes Bloody 
Cocke femoral phlebo- lobe (diam.) 
; thrombosis 
* No autopsy.” 


t Perforation not demonstrated at autopsy. 


Jaundice is stated to be an occasional 
complication of pulmonary infarction, and 
apparently is a result of hemolysis within 
the infarct superimposed upon a liver 
functionally impaired by congestive fail- 
ure.27_ The elevated urea nitrogen noted 
in this case probably can be explained 
upon the basis of the release of nitrogen- 
ous products from the infarcted area, and 
the functional impairment of the kidneys 
owing to chronic passive congestion. 

The roentgenological features are of 
interest. The soft ill-defined character of 
the shadows cast by the recent infarcts 


Summary. 1. A case is reported of a 
39 year old colored male who developed 
complete infarction of the lower lobe of 
the left lung subsequent to long-continued 
passive congestion. The precipitating 
cause for the infarction was lodgement of 
an aseptic thrombus from the right iliac 
vein. The infarct rapidly underwent asep- 
tic softening with consequent rupture into 
the pleural sac, leading to hemopneumo- 
thorax. 

2. The course of events outlined is ex- 
tremely rare, only 5 previous cases having 
been found in the world’s literature. 


REFERENCES 


NO 


. Dantets, L. P.: Nederl. Tijdschr. v. Geneesk., 80, 1455, 1936. 

. Gsetu, O.: Deutsch. med. Wehnschr., 61, 1317, 1935. 

GuGGENHEIM, A.: Ann. d’anat. path., 12, 872, 1936. 

. Havasu, J.: Frankf. Ztschr. f. Path., 16, 1, 1915. 

MacCatium, W.G.: A Textbook of Pathology, 6th ed., Philadelphia, W. B. Saunders, p. 37, 1937. 
. Rogers, H. M.: Am. Heart J., 32, 519, 1946. 

. Scuwepet, J. D.: Clinical Roentgenology of the Heart, New York, Paul B. Hoeber, 1946. 


L 
L 
| in 
co 
| fir 
ca 
| th 
co 
Ps 
| 24 
ad 
ha 
| int 
37 
Gr 
the 
| the 
| qui 
suy 
spl 
| sis, 
Th 

in 
| the 
her 
wei 
pre: 
tabi 
| of t 
| was 
latic 
aver 
and 
66 % 


| 

f 
0 


37. 


HOFFMAN, LISA: CLINICAL FINDINGS IN CIRRHOSIS OF THE LIVER 525 


SIGNIFICANCE OF CLINICAL FINDINGS IN CIRRHOSIS OF 
THE LIVER 


A STUDY OF 93 AUTOPSIED CASES 


By JosepH Horrman, M.D.* 


FORMER RESIDENT INTERN, CITY HOSPITAL 
AND 


JaMeEs R. Lisa, M.D. 


PATHOLOGIST, CITY HOSPITAL; CLINICAL PROFESSOR OF PATHOLOGY, NEW YORK MEDICAL SCHOOL 
NEW YORK, NEW YORK 


(From the Medical Services and the Laboratory of Pathology, City Hospital, Welfare Island, 
Department of Hospitals) 


Tuts study is an analysis of cases of fatal 
Laennec cirrhosis of the liver that came 
to autopsy at the New York City Hospital 
in the 26 years from 1920 to 1945, with a 
comparison of the clinical and pathologic 
findings in the older and the more recent 
cases. Among 5916 autopsies reviewed, 
there were 93 cases in which the death 
could be directly attributed to cirrhosis. 
Patients whose hospital stay was less than 
24 hours were not included, unless an 
admission diagnosis of Laennec cirrhosis 
had been made. The records were divided 
into 2 groups. Group 1 consisted of 
37 cases, dying between 1920 and 1934; 
Group 2, of 56, between 1935 and 1945. 

In both the earlier and the later group, 
the pathologic anatomic findings were 
those classically found in cirrhosis, fre- 
quently with fatty metamorphosis and 
superimposed acute hepatic damage. The 
spleens were enlarged, with increased fibro- 
sis, perisplenitis or chronic congestion. 
Thrombosis of the portal vein was found 
in 1 case. Because of the similarity of 
the lesions in all these patients and ad- 
herence to the classical pictures, only the 
weights of the liver and spleen and the 
presence of collateral circulation were 
tabulated. In Group 1, the average weight 
of the livers was 1324 gm. and the mean 
weight of the spleens was 332 gm. There 
was anatomic evidence of collateral circu- 
lation in 35%. In Group 2, the livers 
averaged 1798 gm., the spleens 307 gm. 
and collateral circulation was found in 
66%. These data are tabulated in Table 1. 


TABLE 1.—PaTHOLOGIC FINDINGS 
Group 1 Group 2 
Liver. . . . . 1324 gm. 1798 gm. 
Spleen . . . . 332 gm. 307 gm. 
Collateral circulation 35% 66% 


Race, Sex, Age. As might be expected 
in a city with a cosmopolitan population, 
the patients were of various backgrounds 
and occupations. As far as race is con- 
cerned, however, there were 7 Negroes and 
86 whites, a ratio of 1:12. This is a smaller 
percentage than found by Kirschbaum and 
Shure, who reported a ratio of 1:6. 
Moon’s® report to the International Soc- 
iety for Geographic Pathology showed 2 
whites to 1 Negro. The average age in the 
entire series was 54, the average age of 
both the earlier and the later group falling 
in the 6th decade. This agrees with the 
findings of most investigators that cirrho- 
sis is a disease of middle life. Sex differ- 
ences showed an increasing number of 
female cirrhotics in the later group. In 
the entire series, there were 39 females 
and 54 males. In Group 1, the ratio of 
males to females was 1.8:1; in Group 2, 
the ratio dropped to 1.1:1. These data 


are tabulated in Table 2. 
TABLE 2.—ANALYSIS OF Race, SEX AND AGE 
mon Age 
Ww Cc M F yrs. 
Groupl. . 34 3 2 13 53.8 
Group2.-. 52 4 30 26 54.1 


Clinical Data. Evidence is steadily ac- 
cumulating that dietary deficiencies are 
important factors in the etiology of hepatic 
cirrhosis.2_ In this series, the state of 


* At present on duty at V. A. Hospital, Lyons, New Jersey. 
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nutrition was compared in the 2 groups. 
It was found that in the earlier studied 
group, 23 patients (62%) were poorly 
nourished, whereas 17 (30%) of the sec- 
ond group were in a state of poor nutrition. 
The use of alcoholic beverages was like- 
wise investigated. Of the total number, 
61 were either heavy or moderate drinkers, 
8 were teetotalers and the habits of the 
remaining 24 were unknown. 


tite, jaundice and weakness were present 
more frequently in the second than in the 
first group. Jaundice was more frequently 
found by observation, 46% of the early 
and 64% of the later group. 

The most significant finding, however, 
was the difference in the occurrence of 
hemorrhage. Whereas only 30% of Group 
1 complained of some hemorrhagic phe- 
nomenon, 52% in Group 2 had episodes 


TABLE 3.—C.uinicat Data—RAnGE oF INCIDENCE IN % 


Group 1 

Nutrition—Good 
Poor . 

Dyspnea . . . . 
Weightloss 11-30 
Nausea and vomiting . 14-30 
11-30 
Weakness . 11-30 
Hemorrhage 11-30 


Collateral circulation— 
In vivo . 
At necropsy 

Palpable liver 

Palpable spleen 


Of the other symptoms and objective 
findings noted in the clinical records, only 
those which occurred in more than 25% 
of cases were used for analysis. Except 
for cough, which was present in 18%, all 
the other findings were scattered items 
which could not be compared in the 2 
groups. The most frequent complaint and 
the cause of hospitalization was ascites, 
presented by 58% of the entire series. 
Moreover, the incidence was nearly identi- 
cal in both groups, 59% in Group 1 and 
57% in Group 2. On physical examina- 
tion, ascites was found even more fre- 
quently, 78% in the first and 75% in the 
second group. 

The next most common complaint was 
abdominal pain or distress and was about 
equally distributed, 51% in Group 1 and 
46% in Group 2. Dyspnea, loss of weight, 
nausea and vomiting occurred less often 
but in the same relative distribution in 
both groups. Pedal edema was more fre- 
quent in the early group. Loss of appe- 


From history 


Physical findings 


Group 2 Group 1 Group 2 

14-38 39-70 

23-62 17-30 

32-57 29-78 42-75 
26-46 
17-30 
19-34 
24-43 

19-34 13-35 22-39 

23-41 

21-38 17-46 36-64 
21-38 

29-52 11-30 32-57 

15-41 24-43 

13-35 41-66 

25-68 42-75 

9-24 10-18 


of bleeding. This was further substanti- 
ated by the physical findings and at 
autopsy. Anatomic evidence of collateral 
circulation was found in 35% of Group | 
and 66% in Group 2. 

A palpable liver and spleen were found 
in about the same proportion in both 
groups. The clinical data are summarized 
in Table 3. 

Laboratory Data. Liver function tests 
have come into general use only in the last 
15 years or so, therefore there are few data 
in this field in Group 1. The tests to be 
analyzed in Group 2 are the icterus index, 
serum cholesterol and cholesterol esters, 
and the serum albumin and globulin ratio. 
Of the other tests, there are insufficient 
numbers to warrant analysis. 

The icterus index was determined in 
37 cases. In 4 instances, the findings were 
normal, the highest figure was 260 and 
the average was 60. 

The serum cholesterol and cholesterol 
esters were determined in 24 cases. The 
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total cholesterol values were normal (150 
to 250 mg. %) in 8 instances, low (below 
150 mg. %) in 14, and high (above 250 mg. 
%) in 2. The cholesterol esters were low 
(below 60% of the total) in 20 of the 
24 cases (83%). Of the 4 cases with nor- 
mal fractionation 2 had total cholesterol 
below normal limits, in 1 the total was 
above normal and in 1 both total and esters 
were normal. In 23 of the 24 cases, there- 
fore, the cholesterol-ester results were of 
significance. These data are summarized 
in Table 4. 


TABLE 4.—CHOLESTEROL—CHOLESTEROL 
Ester 


Total cholesterol 
Esters Low 


High Normal 
Below 60%. . . 12 1 7 
Above 60%. . 2 1 1 


The lowest normal limit for the albumin- 
globulin ratio regarded as normal in this 
institution is 1.3:1.6. In this series the 
test was performed on 21 patients. The 
average ratio was 1:1.1 and the average 
total protein 5.12 gm. In 14, the A-G 
ratio was either less than the lowest limit 
of normal or the total proteins were under 
5.5 gm. 

Blood urea nitrogen or non-protein and 
sugar levels were estimated in most of the 
entire series. The sugar levels were usu- 
ally normal. In Group 1, the average 
urea nitrogen was 24.6 per 100 cc.; ‘in 
Group 2, the non-protein nitrogen was 
35 mg. per 100 ce. 

Erythrocyte counts were done in 29 in- 
stances. Only 5 were above 4 million. 
Of the 34 hemoglobin determinations, 26 
were below 12 gm. Fifteen of 26 patients 
had a color index above 1. Only 7 of 
30 patients had a white blood count below 
10,000. 

Discussion. The early group, from 
1920-1934, represents a more advanced 
stage of cirrhosis than the later group of 
1935-45. The livers were smaller than 
the normal weight of 1450 to 1750 gm. 
given by Piersol’ and the state of nutri- 
tion was worse. The reason for this differ- 
ence in the 2 groups is not apparent. 

It is of interest to compare some findings 


in the.2 groups. Ascites was the most 
common presenting symptom in each 
group, occurred in the same relative pro- 
portion and its presence was equally 
demonstrable by physical examination. 
Three of every 4 had ascitic fluid when 
first observed. Lucké also found in a 
study of early fatal epidemic hepatitis 
that ascites was a common finding. 
Ascites, therefore, tends to occur early 
in the disease and is not, as the older 
teaching held, a late manifestation. 

The mechanism of its production is 
complex and still a matter of controversy. 
It is generally said that it is due to a 
diminution of the colloid osmotic pressure 
following a change in the plasma proteins, 
and also to portal hypertension following 
increasing obstruction to the blood flow 
through the liver. In the present series, 
the protein level was determined in 21 
ascitic cases. In 14 (67%) the A-G ratio 
was less than 1.3:1 or the total proteins 
were less than 5.5 gm. In the same 
group, 20 of the 21 cases (95%) had either 
an enlarged spleen or anatomic evidence 
of collateral circulation. In the entire 
series, 71 had ascites and 59 of them had 
splenomegaly. Of the remaining 12 with 
small spleens, 4 had varices. In other 
words, 90% of all the ascitic cases from 
1920-1945 had evidence of portal hyper- 
tension and obstruction to the hepatic 
circulation. In Lucké’s series, ascites 
often appeared before a drop in the total 
proteins and the spleens in the ascitic 
cases were enlarged twice as often as in 
the non-ascitic. Several workers have also 
shown that there is no constant relation- 
ship between colloidal osmotic pressure 
and the level of the plasma protein.’ It 
is justifiable, therefore, to conclude that 
portal hypertension has a greater influ- 
ence in the production of the ascites than 
does hypoproteinemia. 

Jaundice was frequent and sometimes 
severe. As an early complaint, it was 
somewhat more common in the second 
group, but objectively it was very com- 
mon, was found in almost half of Group 1 
and two-thirds of Group 2. The higher 
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levels were always associated with a 
greater degree of acute hepatic damage. 

The greatly increased incidence of hem- 
orrhage in Group 2 is difficult to explain, 
but this feature has been noted by other 
observers. 

Of the 3 liver function tests, the most 
delicate appeared to be the cholesterol- 
ester fractionation. It was disturbed, with 
a drop in the ester component, in 96% of 
the cases. It gave evidence of hepatic 
damage at an earlier stage than either 


the albumin-globulin ratio or the icterus 


index. 

Summary and Conclusions. 1. Ninety- 
three autopsied cases of fatal Laennec 
cirrhosis of the liver are analyzed. They 


were divided into 2 groups: one, of 1920- 
1934, presenting a late stage of cirrhosis, 
and a second, of 1935-1945, presenting an 
earlier stage. 

2. Ascites was as common in the early 
as in the late stage of cirrhosis and appears 
due to obstruction of the hepatic circula- 
tion rather than due to hypoproteinemia. 

3. In the more recent group presenting 
excessive stages of cirrhosis, hemorrhage 
was found much more frequent than in 
the group representing an older cirrhotic 
process, for reasons that were not ex- 
plained. 

4. The estimation of the cholesterol 
fractionation was one of the more delicate 
tests of hepatic function. 
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INTERFERENCE BETWEEN INACTIVE AND ACTIVE VIRUSES OF INFLUENZA* 
V. EFFECT OF IRRADIATED VIRUS ON THE HOST CELLS 
By WERNER HENLE, M.D. 


ASSOCIATE PROFESSOR OF VIROLOGY IN PEDIATRICS 


GERTRUDE HENLE, M.D. 
ASSISTANT PROFESSOR OF VIROLOGY IN PEDIATRICS 
AND 


Maria WIENER KirsBer, Pu.D. 


ASSISTANT PROFESSOR OF BACTERIOLOGY 
PHILADELPHIA, PENNSYLVANIA 


(From The Children’s Hospital of Philadelphia [Department of Pediatrics, School of Medicine, 
University of Pennsylvania], and the Department of Bacteriology, Woman’s 
Medical College of Pennsylvania) 


In previous communications from this 
laboratory’ it has been reported that 
injection of inactivated influenza virus 
into the allantoic sac of the chick embryo 
may prevent the propagation of subse- 
quently injected active virus. Similar ob- 
servations have been made by others.% 
In these studies the conditions for the 
optimal production of interfering prepara- 
tions have been analyzed." Irradiation 
by ultraviolet light gave more consistent 
results than heating to 56° C. or formalin- 
ization of the virus and the former pro- 
cedure was therefore adopted for further 
studies.” It was found that the reaction 
is non-specific in that it occurred between 
the serologically distinct types of influ- 
enza A and B,'** as well as between the 
influenza viruses and biologically non-re- 
lated agents such as the viruses of western 
equine encephalomyelitis, epidemic kera- 
toconjunctivitis® and mumps. It was 
shown by various physical and serologic 
means“ that the interfering agent was 
identical with the inactivated virus par- 
ticle. In these various studies little or no 
information has been gathered in regard 
to the reactions of the host cells. In the 
present paper some experiments will be 
related which tend to fill this gap. They 
were concerned with the localization of the 
interference reaction, the speed with which 
the changes are induced and the duration 
of the altered stage, the effect of irradiated 


virus on the development of the host and 
the adsorption of the inactivated agents 
on to the host cells. 


Methods and Materials. The essential 
techniques employed in the interference ex- 
periments have been described in detail in 
previous papers of this series.“ The tech- 
nique of the hemagglutination test has been 
modified during the course of these experi- 
ments. In the earlier tests the method of 
Hirst and Pickels*® was used; in later experi- 
ments the “pattern test” was employed as 
described previously.'’? For the experiments 
on the adsorption of hemagglutinin on to 
the cells of the allantoic sac the technique 
of Miller and Stanley™ was adopted. 


EXPERIMENTAL. Localization of the In- 
terference Reaction. It is generally felt 
that the interference phenomenon is caused 
by certain changes either on or within the 
host cells due to direct contact of the cell 
with the interfering agent. The conditions 
encountered in the chick embryo permitted 
a test of this hypothesis and the results 
reported below serve to substantiate its 
validity. It was found that injection into 
the allantoic sac of infected allantoic fluid 
which had been dialyzed and irradiated ~ 
by ultraviolet light for 3 minutes produced 
interference only within this structure, 
whereas the amniotic cavity remained fu'ly 
susceptible to infection by active influenza 
viruses. The reverse experiment, the in- 


troduction of irradiated virus into the 


* The work described in this paper was done under a grant from the United States Public Health 


Service. 
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amnion with subsequent infection by the 
amniotic or allantoic routes, gave less 
clear-cut results. This difference in the 
results was caused by the fact that injec- 
tion into the amnion can be made only by 
passing the needle through the allantoic 
cavity. This leaves an open communica- 
tion between the 2 cavities which permits 
subsequent exchange of either irradiated 
or active virus. When these effects were 
minimized by using amounts of the agents 
close to the minimal effective doses the 
results become more uniform. A summary 
of several experiments is presented in 
Table 1. They show, then, that interfer- 
ence is noted only locally and no general- 
ized protection is obtained by this means. 


AND ACTIVE VIRUSES OF INFLUENZA 


A simpler, and perhaps more accurate, 
method was used in later experiments. 
This involved the use of potent homolo- 
gous immune serum, against the PR8 
strain, for instance, for the interruption 
of the process of adsorption on to the host 
cells of the homologous irradiated virus. 
The state of interference was then meas- 
ured by the injection of active heterolo- 
gous virus such as the Lee strain. An 
experiment of this type is shown in 
Table 2. As can be seen, 0.2 ml. of anti- 
PRS8 immune rabbit serum injected simul- 
taneously with 0.5 ml. of irradiated PR8 
virus prevented interference with the 
active Lee virus (0.2 ml. of a 10~ dilution) 
given 2 hours later. Normal serum did 


TABLE 1.—TuHeE INTERFERING EFFECT CAUSED BY IRRADIATED INFLUENZA VirRUS—A LOCALIZED 
One Onty: A SuMMARY OF 3 EXPERIMENTS 


Results of hemagglutination test 48 hours 
after 2nd injection 


Ist injection 2nd injection “ 
~ active virus Allantoic Amniotic 
Material Route route fluid fluid 

None Allantoic Positive Negative 
Amniotic Positive* Positive 

Normal allantoic fluid ir- Allantoic Allantoic Positive Negative 
radiated for 3 minutes Amniotic Positive* Positive 

Amniotic Allantoic Positive Sometimes positivet 

Amniotic Positive* Positive 

Infected allantoic fluidir- Allantoic Allantoic Negative Negative 
radiated for 3 minutes Amniotic Negative Positive 
Amniotic Allantoic Usually positivet Negative 

Amniotic Usually negative*t Negative 


* Contaminated needle passes through allantoic sac in order to reach amniotic sac; this deposits 
enough, virus to cause infection in practically all allantoic sacs, 

t Infection from allantoic sac through hole left by first injection into amniotic sac. 

t A few negative reactions possibly caused by backflow of irradiated virus from amniotic sac into 


allantoic cavity. 


The, Speed With Which Interference 1s 
Induced. It has been shown previously 
that interference may be induced rather 
rapidly in the allantoic sac of the chick 
embryo.” When 12 day old embryos were 
injected with 1 ml. amounts of irradiated 
virus while the allantoic sac was flushed 
with buffered saline solution at a rate of 
about 15 to 20 ml. per minute for 10 to 
20 minutes, the tissue was found to be 
resistant to subsequent..infection with ac- 
tive virus even though the contact of the 
host cells with the irradiated virus has 
been very brief. = 


not affect the interference reaction. When 
the immune serum was given 1 minute 
after the irradiated virus the interfering 
agent was no longer intercepted, so that 
the subsequently administered active in- 
fluenza B virus failed to propagate suffi- 
ciently to develop measurable quantities 
of hemagglutinins. In another experiment, 
the interfering activity was still partially 
intercepted by serum injected 1 minute 
after the irradiated virus and only partial 
interference was obtained. In the same 
experiment, however, the serum given 
after 3 minutes failed to prevent interfer- 
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ence in that experiment. The hemagglu- was left free in the allantoic fluid of the 
tinin titers of 1:64 found by the pattern injected egg. It was conceivable that 
test in the groups injected with irradiated such amounts of residual, non-adsorbed 
virus followed by normal serum repre- virus could account for the prolonged pro- 
sented residual, non-adsorbed irradiated tection. Therefore, these experiments 
virus, since the controls not injected with were modified as follows: 0.5 ml. of irra- 
Lee virus showed the same titers. In ad- diated allantoic fluid (PR8) was injected; 
dition identification of these hemagglu- after 1 hour, 0.2 ml. of specific immune 
tinins with known immune sera proved serum (anti-PR8) was injected to neutra- 
them to be of Type A. These residual lize the unadsorbed particles of virus re- 
hemagglutinins were neutralized in the maining from the first injection. When 
groups of eggs injected with the anti-PR8 eggs thus treated were infected with 
immune serum. This serum in itself did 0.2 ml. of a 10~ dilution of active heter- 
not inhibit the growth of the Lee virus, ologous virus (Lee) 2 to 6 days later, it 
as can be seen in the results obtained in was seen that no measurable concentra- 
control eggs primarily injected with nor- tions of hemagglutinin were produéed 


TABLE 2.—SPEED OF PROTECTION BY INTERFERENCE 


2nd injection Results of 3rd injection (2 hours after 1st injection) 
Interval Active Lee virus Control, 
an o. ema, em: 
lst injection, Rabbit Tajeation of eggs titer of of eggs titer virus in 
interfering agent serum (min.) positive pool pool positive pool 
PRS allantoic fluid irra- Anti-PRS8 0 9/9t 1:1024 B 0/5 <1:2 
diated for 3 minutes - 1 o/s <1:2 0/5 <1:2 
60 0/6 <1:2 0/4 <1:2 
Normal 0 8/9 1:64* A 4/5 1:64* A 
1 7/7 1:64 A 4/5 1:64 A 
60 5/6 1:64 A 2/2 1:64 A 
None A 7/7 1:64 A 4/5 1:64 A 
Normalallantoic fluidir- Anti-PRS 60 6/6 0/4 <1:2 
radiated for 3 minutes Normal ' 60 6/6 1:2048 B 0/4 <1:2 
None : * 6/6 1:2048 B 0/6 <1:2 
None None 8/8 1:2048 B 


* Residual hemagglutinins from first injection. 
+ 9 out of 9 allantoic fluids positive. © 


mal allantoic fluid. These data confirm (Table 3). In other words, the cells of the 
the earlier observations in that they allantoic sac were resistant to infection 
demonstrate that interference is induced for at least 6 days following treatment 
rather rapidly, 7. e., within 1 minute orless. with the irradiated virus. It was found 
Duration of the State of Interference. By impossible to test for resistance after 
means of a technique similar to that de- longer intervals since the amount and 
scribed in the previous section it could composition of the allantoic fluid changes 
be determined how long the host cells were markedly after. the 15th day of total 
resistant to infection after contact with incubation of the chick embryo. 
irradiated virus. In former experiments,” Effect of theInterfering Virus on the 
irradiated virus was injected into the Funetions of the Host Cell. In the course 


allantoic sac of 8 day old embryos and _ of these experiments 8 day old chick em-- 


the active test virus was given up to bryos were employed in a number of 
96 hours after the primary injection. In instances. It was noted in some of these 
these experiments not all the irradiated cases that following injection of the more 
virus was adsorbed by the host cells;some potent irradiated preparations of. virus 
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the embryonic development slowed down. 
This phenomenon was studied further. 
A suitable number of 8 day old embryos 
were candled and the extent of the air 
sac and of the shadow of the allantoic sac 
were marked by pencil. After injection 
of 1 ml. of irradiated virus or normal al- 
lantoic fluid, likewise exposed to ultra- 
violet light, the eggs were returned to the 


mental period. On the other hand, those 
embryos injected with the irradiated virus 
showed only small increments in shadow 
and this increase had occurred usually 
during the first 2 days following the injec- 
tion. In other experiments, using em- 
bryos older than 8 days at the onset, the 
slight additional growth of allantoic mem- 
brane noted in the first 2 days after injec- 


TABLE 3.—PERSISTENCE OF RESISTANCE INDUCED BY INTERFERENCE 


2nd injection 


Result of 3rd injection 


Rabbit Interval 
serum between 
1 hour after 1st and 3rd 

1st injection, interfering injection 

interfering agent agent (days) 
PR8 allantoic fluid irra- Anti-PR8 2 
diated for 3 minutes 4 
6 
Normal 2 
Normalallantoic fluidir- Anti-PR8 2 
radiated for 3 minutes 4 
6 
None None 2 
4 
6 


* Residual hemagglutinins from Ist injection. 
+ 0 out of 8 allantoic fluids positive. 


Active Lee virus Control 


No. Hem Type No. Hemaggl. Type 
of eggs titer of virus in of eggs titer of virus in 
positive pool pool positive pool pool 

O/st <1:2 0/4 

0/7 <1:2 6/4 <1:2 

0/10 <1:2 eis 0/7 <1:2 

5/6 1:4* A 2/6 1:4* A 

7/7 1:512 B 0/4 <1:2 

8/8 1:768 B 0/3 <1:2 

9/10 1:384 B 0/4 <1:2 

8/8 1:512 B 

8/8 1:512 B 
10/10 1:384 B 


Fia. 1.—Increment in shadow of the allantoic sac in embryos injected with irradiated PRS8 virus (upper 


row) and with irradiated normal allantoic fluid (lower row). 


incubator and candled daily for 8 days to 
measure the further development of the 
allantoic sac. At the end of the experi- 
mental period the increase of shadow de- 
veloped during the 8 days of incubation 
‘was blackened and the eggs were photo- 
graphed as shown in Figure 1. As can be 
seen the shadow in the eggs injected with 
normal allantoic fluid almost had reached 
the tip of the eggs at the end of the experi- 


The tips are pointing upwards. 


tionfof the irradiated virus usually sufficed 
to bring the shadow of the allantoic sac 
down to the tip of the egg. In the test 
shown in Figure 1 only 2 of the embryos 
in the experimental group had died during 
the period of the test, none in the group 
injected with normal fluid. The death 
rate of the injected embryos in similar 
experiments was usually of this order, In 
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no instance have the experiments been 
carried to hatching time. 

Attempts were made to substantiate 
these observations in this and further 
experiments by weighing of the wet allan- 
toic sacs of the 2 groups of embryos. 
However, the figures obtained were found 
to be not very consistent. They depended 
on the age of the embryo at the start of 
the experiment. The results were variable 
on account of the difficulties encountered 
in separating the allantoic and amniotic 
tissues and in removing small traces of 
allantoic fluid or saline solution used for 
washing which were caught in pockets 


that these sources of error did not affect 
materially the interpretation of the re-— 
sults, and this technique was adopted, 
therefore, to obtain some measure of the 
degree of inhibition of growth. It was 
found, in addition, that the weight of the 
chick in the group inoculated with inacti- 
vated virus, was reduced as compared 
with that of the control group inoculated 
with normal fluid. In eggs of more than 
8 days incubation at the time of injection 
of irradiated virus, the only consistent 
difference between the 2 groups was in the 
weight of the embryo. Table 4 sum- 
marizes a number of experiments showing 


TABLE 4.—Errect or IRRADIATED VIRUS ON EMBRYONIC DEVELOPMENT 


Inoculum Period of 

(irradiated allantoic fluid) observation 
Age of 

Strain of Interference embryos 
virus titer* (days) 
2°33 8-16 
normal S-16 
PRS 1:81 * 8-17 
normal 8-17 
PR&S 1:140 8-16 
normal 8-16 
Lee n.t.F 8-16 
normal 8-16 
Lee 1:27 8-16 
normal S-16 
Lee 1:81 8-16 
normal 8-16 


Yield of embryonic materials _ 
(average of 8 to 10 eggs per observation) 


Allantoic Shell Allantoie 

membrane of tip Embryo fluid 
(gm.) (gm.) (gm.) (ml.) 
1.3 1.63 11.0 n.t. 
1.44 0 26 15.4 n.t. 
1.4 2.1 12.3 n.t 
0.27 16.6 n.t 
0.82 1.2 11.3 7.1 
1.84 0.25 15.4 2.75 
0 66 1.66 6.3 8.0 
20 0 45 10.8 2.0 
1.1 9.4 8.2 
1.66 07 12.1 4.3 
n.t. 1.65 9.3 n.t. 
n.t. 0.62 12.6 n.t. 


* Dilution of irradiated allantoic fluid preventing formation of measurable amounts of hemagglu- 


tinins in 50% of the eggs. 
+ Not tested. 


of the membrane. In addition the allan- 
toic sac of the eggs injected with irradiated 
material sometimes appeared quite edema- 
tous. A more consistent measure of the 
inhibitory effect was obtained when the 
shell of the tip of the eggs not covered by 
the shadow of the allantoic sac was 
weighed, but in that case differences in 
the thickness of the shell and loss of small 
fragments of shell during cutting were 
responsible for some inaccuracies. How- 
ever, since 8 to 10 eggs were used per 
group and since the differences encounter- 
ed in these experiments between the 
various groups were fairly large it was felt 


a marked reduction of embryonic develop- 
ment by the various methods employed. 
In addition it can be seen that the amount 
of allantoic fluid remained at a high level 
in the inhibited eggs whereas the quanti- 
ties decreased markedly in the controls. 

One series of experiments served to 
establish the fact that only allantoic fluid 
irradiated for relatively short periods of 
time gave this inhibition of growth. As 
seen in Table 5, infected allantoic fluids 
irradiated for 3 to 5 minutes gave marked 
inhibition. When exposure for 15 minutes 
was used inhibition was obtained only 
occasionally and with longer irradiation 
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the phenomenon was no longer observed. 
It is to be noted that these results of 
inactivation of the growth inhibitor coin- 
cide with the inactivation of the interfering 
property of allantoic fluid. Maximal in- 
terference was obtained with fluids irradi- 
ated for 1 to 3 minutes, little if any with 
preparations exposed for 15 minutes and 
no effect was obtained after an exposure 
of 60 minutes." 16 


ence, on the other hand, could be demon- 
strated usually when using higher dilu- 
tions of irradiated allantoic fluid, 7. ¢., 
1:81 or even 1:243. However, the absence 
of measurable concentrations of hemagglu- 
tinins at the end of the experimental period 
of an interference test does not exclude 
the propagation of some virus. It indi- 
cates merely that the number of suscepti- 
ble host cells was sufficiently reduced so 


TaBLe 5.—EFFEcT oF PROLONGED IRRADIATION ON GROWTH INHIBITOR 


Yield of embryonic materials 


Inoculum (average of 8 to 10 eggs per observation) 
(irradiated allantoic fluid) 
Allantoic Shell Allantoic 

Strain of Irradiation membrane of tip Embryo fluid 

virus (min.) (gm.) (gm.) (gm.) (ml.) 

PR8& 3 0.86 0.90 9.0 a 

5 0.70 1.26 af 4.5 

15 1.24 0.27 11.9 4.0 

60 1.43 0.30 11.1 5.5 

120 1.20 0.60 12.3 5.8 

Control Sa 1.65 0.37 11.4 4.5 

Lee 5 0.66 1.66 6.3 8.0 

15 1.27 1.05 9.0 3.0 

120 1.78 0.39 11.9 4.1 

Control ‘ss 2.0 0.45 10.8 2.0 


TaBLeE 6.—EFrect oF on GRowTH INHIBITOR 


Yield of embryonic materials 


Inoculum (average of 8 to 10 eggs per observation) 
(irradiated allantoic fluid) 
a Allantoic Tip of Allantoic 

Strain of membrane shell Embryo : uid 

virus Dilution (gm.) (gm.) _ (gm.) (ml.) 

PRS Undil. 0.86 0.90 9.0 3 

1:5 p 0.90 1.43 7.8 §.2 

1:10 1.48 0.96 9.0 7.4 

1:20 1.45 1.16 9.3 7.0 

Control ‘2 1.65 0.37 10.3 4.5 

PRS 1:10 1.33 1.43 10.7 5.9 

1:20 eae 0.63 11.7 6.5 

1:30 1.60 0.81 14.1 2.8 

1:40 1.96 0.55 15.3 3.6 

1:80 1.95 0.56 15.1 4.4 

Control oa 1.55 0.49 14.8 3.4 

Lee Undil. 0.66 1.66 6.3 8.0 

1°10 1.0 1.13 9.8 6.3 

Control on 2.0 0.45 10.8 2.0 


* Lost by accident. 


The inhibitory activity could be noted 
only with more concentrated preparations 
of allantoic fluid. As can be seen in 
Table 6, dilution of the fluid to 1:10 or 
1:20, i.e, 0.1 to 0.05 ml. of allantoic 
fluid, may still produce inhibition of em- 
bryonic development. Higher dilutions 
failed to do so. Some degree of interfer- 


that the amount of virus produced was 
insufficient to cause agglutination of red 
cells, 7. ¢., the infectivity titer was less 
than 10~’. 

The fact that not only the allantoic sac 
but also the chick embryos were retarded 
in their growth deserved further consid- 
eration. This result could have 2 possible 
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explanations: (a) the decreased growth 
of the membrane may affect in turn the 
embryo on account of an insufficient gas- 
eous exchange through the limited expan- 
sion of the blood-vessels of the allantoic 
sac and through the inhibition of other 
physiologic function of this structure; or 
(b) the irradiated virus may affect the 
embryo first and subsequently the devel- 
opment of the allantoic sac. This ques- 
tion was studied in greater detail. First 
of all, resorption of materials from the 
allantoic sac appears: slow and _ possibly 
limited to substances of low molecular 
weight.” As will be shown in the subse- 
quent section of this paper, after an initial 
loss of hemagglutinin from the inoculum 
through adsorption on to the host cells 
the amount of residual virus particles in 
the allantoic fluid of the injected eggs 
remains fairly constant, suggesting that 
no further adsorption or resorption takes 
place. Another approach to this problem 
was the determination of membrane and 
embryo weights at daily intervals follow- 
ing the injection of the irradiated virus. 
The data obtained suggested that the 
membrane showed a reduction in growth 
within 48 hours before significant changes 
in the rate of the embryonic development 
were noted. Finally, experiments employ- 
ing homologous immune chicken serum 
gave results comparable to those reported 
in a preceding section of this paper. If 
the immune serum was given simultane- 
ously with the irradiated virus the inhibi- 
tor was neutralized as well as the interfer- 
ing activity and the development of the 
embryo was unimpaired. However, when 
the serum was given 1 to 5 minutes after 
the irradiated virus so that the antibodies 
no longer intercepted the interfering activ- 
ity, the inhibitory effect on the develop- 
ment of the host could likewise no longer 
be neutralized. Since all free irradiated 
virus in the allantoic fluid was neutralized 
by the serum it is strongly indicated that 
the inhibition of growth is produced by 
the contact of the irradiated virus particle 
with the allantoic cells and that the effect 


on the embryo is secondary to the inhibi- 
tion of the growth of the membrane. 

The experiments reported in this section 
show, then, that irradiated virus may 
exert profound effects on the host cells 
leading to an impairment of the develop- 
ment of the allantoic sac and in turn of 
the embryo itself. On prolonged irradia- 
tion of the infected allantoic fluids this 
effect is destroyed, even though the virus 
particle still may cause hemagglutination 
and may still be adsorbed on to red cells 
and on to the cells of the allantoic sac as 
will be recorded in the next section. 

Adsorption of Virus Hemagglutinin on 
Host Cells. It has been shown by Hirst!* 
that influenza virus is adsorbed on to red 
cells and cells of the respiratory tract of 
the ferret.!® If the cells support the growth 
of the virus as in the case of the lung tis- 
sue of the living ferret, the virus is not 
eluted but apparently enters the cells and 
multiplies. No elution has been noted in 
chick embryos whose allantoic sac was 
flushed with saline solution after injection 
of irradiated allantoic fluid virus,” since 
no hemagglutinin was found in the fluid 
content of the allantoic sac after an incu- 
bation of the eggs for several days. On 
the other hand, if the host cells do not 
support the propagation of the virus as in 
the case of the red cells or the cells of the 
excised respiratory tract of the ferret, the 
virus elutes after adsorption.*!® The 
elution of the virus from the red cells is 
accompanied by changes in the red cells 
affecting their agglutinability by fresh 
influenza virus. This has been explained 
by the loss of “receptor spots” to which 
the virus attaches itself.4* These recep- 
tors are presumably lost or destroyed as 
a result of the virus action. 

Upon injection of known amounts of 
hemagglutinins into the allantoic sac of 
10 to 12 day old chick embryos and col- 
lection of the allantoic fluids from the 
injected eggs as completely as possible 
after a certain time interval, hemagglu- 
tinins were recovered free in the fluid. 
However, there was always a deficit be- 
tween the amount injected and the quan- 
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tity recovered. This missing amount 
represented, presumably, the amount of 
hemagglutinin adsorbed on to the cells 
lining the allantoic sac. The accuracy of 
the results obtained by this technique de- 
pended on 2 factors: the completeness of 
the collection of the allantoic fluid and 
the sensitivity of the hemagglutination 
test. As to the former factor, small quan- 
tities of allantoic fluid will be retained in 


TABLE 7 
Strain of Time of Hemaggl. 
irradiated harvest units 
virus (hrs.) injected) 
PRS 3 512 
6 512 
4 256 
2 256 
2 198 
0.5 192 
2 180 
2 78.5 
Lee 3 1068 
2 128 
3 125 
2 86 
2 86 
2 38.5 


AND ACTIVE VIRUSES OF INFLUENZA 


number of different preparations of in- 
fected irradiated allantoic fluid are sum- 
marized in Table 7. If the amount of 
hemagglutinin injected fell below a certain 
level, the collected fluids were found to 
give negative results in the hemagglutina- 
tion tests. In the various experiments 
conducted with sufficient concentrations 
of hemagglutinin it was found that the 
amount adsorbed increased with the quan- 


.—ADSORPTION OF HEMAGGLUTININ ON TO THE CELLS OF THE ALLANTOIC Sac 


Hemaggl. Hemagg}. 
(units (units % 
recovered) adsorbed) adsorbed 
262 250 49 
221 291 57 
86 170 66 
102 154 60 
115 80 40 
131 61 32 
95 85 47 
29 49.5 64 
S18 250 23 
13 115 90 
55 73 57 
35 51 59 
38 45 55 
13 25.5 66 


TABLE 8.—ErFFECT OF CONCENTRATION OF HEMAGGLUTININ ON ADSORPTION ON TO 
ALLANTOIC Sac 


Strain of Hemaggl. 
irradiated _ (units 
virus injected) 
PRS& 180 
90 
45 
PRs 192 
96 
48 
Lee 1068 
concentrated 534 
4X 267 
134 


67 


folds of the sac, and care has to be exer- 
cised not to break the amnion. The 
accuracy of the hemagglutination test was 
somewhat increased in later tests by adop- 
tion of the technique of Miller and Stan- 
ley* who considered differences in titer 
of about 10% as significant. In spite of 
these difficulties it is felt that the data 
to be presented are sufficient to support 
the points to be made. 

The results of tests conducted with a 


Hemaggl. Hemaggl. 

(units (units % 
recovered) adsorbed) adsorbed 

95 85 AZ 

54 36 40 

ig 28 62 

131 61 32 

60 46 48 

10 38 79 

S18 250 23 

319 215 40 

95 172 64 

62 72 54 

16 51 76 


tity injected. The adsorption amounted 
to 30 to 90% of the inoculum in these 
tests. When graded amounts of a given 
preparation of irradiated virus were in- 
jected, it could be shown (Table 8) that 
an inverse relationship existed between 
the quantity of\hemagglutinin injected 
and the percentage adsorbed. With the 
injection of increasingly larger amounts of 
virus the percentage of hemagglutinins 
adsorbed decreased. The experiments 
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have not been carried far enough to reveal 
definitely whether a saturation point may 
be reached, 2. e., whether the injection of 
hemagglutinins beyond a certain concen- 
tration will not result in further additional 
adsorption. However, tests suggesting 
that this may be the case will be briefly 
discussed at the end of this section. 


allantoic fluids of that age altered the 
hemagglutinating capacity of the agent as 
well as the pattern formed by the agglu- 
tinated cells in the bottom of the test tube. 

The adsorption of virus on to the cells 
is independent of the interfering capacity 
of the virus. Whereas the property of 
interference is destroyed by irradiation for 


TABLE 9.—INFLUENCE OF INCUBATION PERIOD ON ADSORPTION OF HEMAGGLUTININS 


Strain of Hemagg!. 

irradiated units Time of 
virus injected) harvest 
PRS 96 5 min 
30 min 

1 hr. 

2 hr. 

4 hr. 

24 hr. 
Lee 86 5 min. 

2 hr. 

6 hr. 

24 hr. 


Strain of Time of Hemaggl 
irradiated irradiation (units 
virus (min.) injected) 
PR& 0 207 
3 198 
10 184 
30 117 
60 
Lee 3 120 
15 122 
30 132 
45 136 
60 95 


The adsorption of hemagglutinin did not 
increase with time of incubation of the 
embryos. It did not matter whether the 
allantoic fluids of the injected embryo 
were collected 1 hour or 24 hours after 
injection of the irradiated virus. In each 
case comparable amounts of hemagglutinin 
were recovered (Table 9). In other experi- 
ments no changes in adsorption were noted 
up to 72 or 96 hours after injection. 
However, when the allantoic fluids were 
collected after 96 hours the results became 
increasingly more variable on account of 
the changes occurring in the amount and 
composition of the allantoic fluids at that 
stage rendering hemagglutination tests 
unreliable or impossible. Control tests 
showed that dilution of virus in normal 


Hemagg!. Hemaggl. 
(units (units % 
recovered) adsorbed) adsorbed 
73 23 24 
63 33 34 
65 31 32 
61 35 36 
62 34 35 
57 39 
45 41 48 
38 48 56 
31 55 64 
31 55 64 


Hemagg!. Hemaggl. 
(units (units % 
recovered) adsorbed) adsorbed 
68 139 67 
118 80 40 
85 99 54 
70 47 40 
60 60 50 
70 52 43 
52 80 61 
57 79 58 
16 79 83 


15 minutes or longer under the experi- 
mental conditions employed the adsorp- 
tion of the virus on to chicken red cells 
and on to the cells of the allantoic sac 
remained unchanged. In other words, as 
long as hemagglutination remained intact 
the virus was adsorbed whether it had 
been irradiated for a few minutes or for 
1 hour or longer (Table 10). 

The question whether adsorption of 1 
virus, for instance influenza Type A, pre- 
vents adsorption of additional virus of the 
heterologous Type B has been studied in 
a few experiments. Ten day old chick 
embryos were divided into groups of 10 
each. The first and second groups received 
irradiated PRS virus at time 0. The 
second was injected again 1 hour later 


TaBLe 10.—Errecr or IRRADIATION ON ADSORPTION OF HEMAGGLUTININ 
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together with the third group with irradi- 
ated Lee virus. The allantoic fluids of all 
eggs were harvested after further incuba- 
tion for 1 hour, their volume measured 
and the content of hemagglutinin deter- 
mined. The units of hemagglutinins ad- 
sorbed in the first group subtracted from 
the figure found for the second group 
represents, presumably, the units of hem- 
agglutinin additionally adsorbed and this 
result should be compared with the result 
obtained in the third group. The allantoic 
fluids employed in these experiments 
showed marked capacities of interference 
with the propagation of active virus as 
determined in preliminary experiments. 
Table 11 shows the results obtained in an 
experiment of this kind involving 3 differ- 
ent preparations of PR8 virus and 1 of 


Discussion. The data presented on 
interference between inactivated influenza 
and the propagation of the active homolo- 
gous or heterologous agents in the chick 
embryo have added to the understanding 
of the interference phenomenon. The 
following facts,appear to be established: 
(1) It is the inactivated virus particle 
which causes interference and not some 
product resulting from the host-virus 
interaction. All attempts to separate 
physically the virus activity from the 
interfering capacity have failed.* How- 
ever, the interfering property may be 
based on a different grouping within the 
virus particle since its resistance to ultra- 
violet light differs from that of other 
properties of the virus.* (2) Only the 
host cells directly in contact with the 


TABLE 11.—ADSORPTION OF ViRUS BY CELLS PREVIOUSLY ExPosED TO HEMAGGLUTININS 
oF THE HETEROLOGOUS TYPE 


Ist injection 2nd injection Total hemaggl. 


(strain) (strain) (units injected) 
PR8 No. 1 nil 198 
PRS No. 1 Lee 198 + 86 
PRS8 No. 2 Liv 
PRS No. 2 Lee 117 + 86 
PR8 No. 3 184 
PRS No. 3 Lee 184 + 86 

Lee 86 


Lee. As can be seen, the adsorption of 


the Lee virus was of the same order of - 


magnitude when injected into normal 
eggs or into eggs previously injected with 
PRS virus. These data indicate that ad- 
ditional adsorption can take place on to 
host cells which had been previously ren- 
dered resistant to infection by the primary 
injection of irradiated virus. In other 
words, interference does not prevent ad- 
sorption. In other experiments when the 
primary adsorption was more marked, ¢. e., 
after the initial injection of larger amounts 
of hemagglutinin, the evidence for adsorp- 
tion of the secondarily injected hemagglu- 
tinins was negative or doubtful, an ob- 
servation which suggests that a saturation 
point may be reached beyond which no 
further adsorption occurs. 


Additional 
Hemaggl Hemaggl. hemagg' 
(units (units % (units 
recovered) adsorbed) adsorbed adsorbed) 
118 80 40 
151 133 47 53 
70 47 40 
113 90 44 43 
99 54 
134 136 50 37 
35 51 59 


interfering agent are resistant to infection 
with the active virus, whereas the remain- 
der of the embryonic tissues, if susceptible 
to infection, remains so. This fact is 
in agreement with the observations of 
Kunkel," made in the study of interfer- 
ence in virus infections of plants. (3) 
Resistance is induced in host cells rather 
rapidly within a few minutes or even 
seconds. (4) The host cells treated with 
irradiated virus remain resistant to infec- 
tion with active virus for extended periods 
of time, 7. ¢., for at least 6 days, represent- 
ing the longest interval which could be 
studied under the conditions of these 
experiments. (5) The interfering agent is 
not without measurable effects on the host 
cell activities. In the extreme case further 
growth of the allantoic sac is largely in- 
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hibited, which, in turn, slows down the 
embryonic development. (6) Adsorption 
of active or inactivated virus particles on 
to the cells of the allantoic sac does not 
lead in itself to interference, since adsorp- 
tion is maintained on prolonged irradiation 
of the virus, whereas the interfering 
capacity is destroyed after much shorter 
exposure to ultraviolet light.6 It is 
obvious then, that in addition to adsorp- 
tion, a further step is required to induce 
interference. Furthermore, after adsorp- 
tion of irradiated hemagglutinins of 1 type 
of virus, additional virus particles of the 
homologous or heterologous type may be 
adsorbed on to the host tissues, which 
had been made resistant to infection by 
the primarily injected agent. 

These various observations are in strik- 
ing agreement with and extend similar 
data collected by a number of authors in 
the study of bacterial viruses in their rela- 
tion to sensitive bacteria. Thus, interfer- 
ence between inactivated and active bac- 
terial viruses has been reported by Luria 
and Delbriick.** The quantitative aspects 
indicated strongly that the interfering 
agent was identical with the irradiated 
virus. Prolonged irradiation by ultra- 
violet light destroyed the interfering 
capacity. It was shown that the host cells 
ceased to multiply upon contact with the 
irradiated virus.'*?% The inhibition of 
host cell multiplication occurred within a 
few seconds after contact of the host cells 
with the virus.* Adsorption of virus on to 
host cells was not prevented, although 
they had been rendered resistant to infec- 
tion by previous contact with homologous 
or heterologous, active or inactivated 
virus.*3 Finally, Cohen and Anderson® 
found that the oxygen consumption of 
infected bacteria, or organisms treated 
with irradiated virus was similar to that 
of the normal host cells. Preliminary 
tests conducted by the present authors in 
collaboration with Dr. Cohen have shown 
that the oxygen consumption of the chorio- 
allantoic membrane treated with irradiated 
influenza virus and showing marked re- 


duction in growth was not different from 
that of normal tissue. 

These comparisons show the essential 
similarity in the activities of 2 widely 
separated viral agents. Experimentation 
with the bacterial viruses has the advan- 
tage over the influenza host-virus system 
that one may study the effect of known 
numbers of virus particles on a known 
number of bacterial host cells. Thus, it 
could be demonstrated that 1 single virus 
particle per bacterium altered the host cell 
in such a way that other virus particles 
of the homologous or heterologous strain 
were excluded and further multiplication 
of the host was prevented.** It has not 
been possible as yet to obtain similarly 
quantitative data in the study of the 
activity of the influenza viruses in the 
allantoic sac of the chick embryo. There 
is no definite proof of the number of virus 
particles required for the infection of the 
chick embryo. _However, data have been 
presented that one 50% infectivity dose 
of a preparation of purified influenza virus 
corresponded to about 10 virus particles® 
and the chances are that some of these 
had been inactivated during the process 
of purification. There is, on the other 
hand, no information available as yet on 
the number of susceptible host cells lining 
the allantoic sac. Further studies will be 
directed toward solution of this problem. 

In the light of these data a number of 
hypotheses previously suggested by vari- 
ous authors for the explanation of the 
interference phenomenon can be regarded 
as invalidated at least for cases where 
inactivated virus produces rapid changes 
as recorded in the present paper. Among 
these one may list: (1) the prevention of 
spread of the secondarily injected virus 
by the presence of inflammatory reactions 
caused by the first; (2) antiviral activity 
of one virus for another, or the develop- 
ment of antiviral substance in the infected 
tissues as a result of host virus interaction; 
(3) the exhaustion by the primarily in- 
jected virus of substrates essential for the 
propagation of the second agent; and (4) a 
blockade of cell receptors to which the 


> 
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virus becomes attached prior to entrance 
into the cells. 

There remain 2 hypotheses, both of 
which can account for some of the observed 
phenomena. The first assumes the block- 
ade of a “key enzyme” necessary for the 
propagation both of the virus and the 
host cell. This hypothesis has been aban- 
doned by one of its authors recently in 
favor of the second. This hypothesis’ 
proposes that changes are produced in 
the host cell surface by the penetration 
of 1 virus particle into the interior of the 
cell which then renders the cell wall im- 
penetrable to other viruses in analogy to 
the ovum-sperm relationship. However, 
this comparison certainly is not in agree- 
ment with one of the observed facts, the 
discontinued multiplication of the host. 
Whereas the hypothesis of the key enzyme 
can explain interference as well as inhibi- 
tion of host propagation, the “ penetration 
hypothesis” may account for interference 
only. It should be emphasized, however, 
that it has not been definitely proven that 
inhibition of propagation of the host cell 
and the interference phenomenon are part 
of the same mechanism. Although the 
2 types of viruses thus far studied in this 
respect impaired host cell multiplication, 
other virus infections have resulted in 
hyperplasia of the host tissues. Whether 
this stimulation of growth is based on a 


direct effect of virus or indirectly accom- ° 


plished by the release of some growth- 
promoting substance from damaged cells 
has not been settled as yet. On the other 
hand, prevention of host cell multiplica- 
tion by means other than treatment with 
irradiated virus does not necessarily lead 
to suppression of virus growth. Spizizen® 
showed that certain glycin compounds 
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were bacteriostatic but did not prevent 
virus production, and Anderson*® showed 
that bacteria irradiated by ultraviolet 
light, although no longer multiplying, 
supported virus propagation. Other sub- 
stances such as 5 methyl tryptophane pre- 
vented both bacterial and viral multipli- 
cation which, however, was a reversible 
reaction in contrast to the true interfer- 
ence phenomenon.’ It is obvious that 
these problems require further study. 

Summary. Further studies are reported 
on the interference phenomenon observed 
to occur between influenza viruses inacti- 
vated by ultraviolet irradiation and the 
active agents in the allantoic sac of the 
chick embryo. They are concerned par- 
ticularly with the effects of the interfering 
agent on the host cells. 

It has been shown that only cells directly 
in contact with the irradiated virus become 
resistant to infection with the active 
agents. Resistance is induced within less 
than 1 minute and lasts for at least 6 days. 
The allantoic sac, in addition, may show 
impairment of its development, which, in 
turn affects the growth of the embryo. 
Host cells rendered resistant by contact 
with irradiated virus of 1 type may still 
adsorb additional virus of the homologous 
or heterologous types. Virus which has 
lost its interfering capacity by prolonged 
exposure to ultraviolet light is still ad- 
sorbed on to the host cells as long as the 
hemagglutinating activity remains intact. 

These various data are discussed in 
regard to possible explanations for the 
interference phenomenon. The striking 
similarities between the influenza viruses 
and certain bacterial viruses in their host 
cell relationships are pointed out. 
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COLD HEMAGGLUTININS IN SICKLE CELL ANEMIA 
By J. E. J. McSwreENnry* 


Autan C. MERMANN* 
AND 


Puitie F. Waciey, M.D. 


INSTRUCTOR OF MEDICINE, JOHNS HOPKINS UNIVERSITY 
BALTIMORE, MARYLAND 


(From the Department of Medicine, School of Medicine, The Johns Hopkins University) 


SIGNIFICANT titers of cold hemagglu- 
tinins were found by Finland et al. in 4 
cases of acquired hemolytic anemia.! 
Young,’ in a survey of a large group of 
individuals for cold hemagglutinins, ob- 
served in 3 cases of sickle cell anemia 
titers of 1:256, 1:4 and 1:4. Wagley’ 
has found high titers of cold hemagglu- 
tinins in a case of congenital hemolytic 
icterus and 2 cases of paroxysmal (cold) 
hemoglobinuria. The purpose of this 
study is to report the observations on 
cold hemagglutinins in a large number of 
cases of sickle cell anemia. 


Materials and Methods. The method 
used for titering cold hemagglutinins was 
that described by Finland et al.! with varia- 
tions suggested by Stats and Wassermann.? 
All samples of blood were drawn under sterile 
conditions at room temperature. Approxi- 
mately 10 cc. of blood from the patient were 
placed in a dry, sterile, plugged centrifuge 
tube and allowed to clot. Several cc. of 
blood were also placed in a small bottle with 
0.5 cc. of an ammonium and potassium oxal- 
ate mixture to be used for the determination 
of the hemoglobin, hematocrit and icterus 
index. The clotted blood was centrifuged 
at room temperature and the serum with- 
drawn by sterile pipette into a sterile, dry 
tube. Serial dilutions of the serum were 
made with 0.9% NaCl from 1:10 to 1:2560. 
Each tube contained 0.5 cc. of the dilution. 

Group O cells were washed with 0.9% 
NaCl 3 times and resuspended in a 0.2% 
concentration. To each tube containing 
0.5 cc. of diluted serum was added 0.5 ec. 
of the 0.2% erythrocyte suspension. The 
tubes were shaken thoroughly, packed in 


cracked ice and water and stored for 20 to 
24 hours in a refrigerator to assure a tem- 
perature of circum 4° C. At the end of that 
time readings were made. 

The readings were made against a well- 
illuminated white background. The tubes 
were shaken gently 3 to 5 times and read 
in an arbitrary grade of 4+ to 1+ or nega- 
tive. A 4+ represented one solid clump of 
cells remaining after shaking and 1+ the 
least amount of agglutination grossly detect- 
able to the naked eye. After reading, the 
tubes were allowed to stand at room tem- 
perature for several hours and then re-read. 
Only tubes in which the agglutination had 
disappeared were accepted as having been 
positive. By this technique, agglutination 
in a titer of 1:40 has been considered sig- 
nificant. 

The hemoglobin determinations were made 
by the Fisher Electrohemanometer or the 
Hellige-Wintrobe method. The hematocrit 
and icterus index determinations were made 
by standard techniques. 

The amount of sickling was determined in 


_ each case by the use of wet preparations. 


These were made by placing a small drop of 
freshly drawn venous blood upon a clean, dry 
slide and covering with a dry cover-slip. 
The preparation was immediately ringed 
with petrolatum. The amount of sickling was 
observed immediately following preparation 
and at 24 hours by counting the number of 
sickle cells per 500 red blood cells and 
expressing the results in percentage. 

All patients were questioned as to signs 
and symptoms of recent upper respiratory 
infection and the data recorded in Table 1. 
An attempt was made to correlate cold hem- 
agglutinin titer with the degree of sickling, 
hemoglobin level, hematocrit, icterus index 
and severity of disease,t as shown in Table 1. 


* Students in School of Medicine, Johns Hopkins University. 
Tt Severity of disease” is a clinical impression based on the number, frequency and duration of 
crises, severity of pain and elevation of temperature during the crises, hematologic picture, necessity 


for transfusion, degree of activity tolerated between crises and presence or absence of leg ulcers. 
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30 cases of sickle cell anemia. 
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The control series consisted of 30 colored 
patients without hemolytic anemia, sickl- 
emia, or other blood dyscrasias, negative 
serologic test for syphilis and without a 
history of recent upper respiratory infection. 


TaBLe 1.—Ana.ysis oF Data In 30 Cases or Cert, ANEMIA 


Sickling (%) 


Titer 
it 

1 2 1 me 2 55 7.2 
2 1 as Pa 8 55 10.3 
3 1 1 ‘eh 1 30 8.3 
4 4 3 3 1 9 95 10.0 
5 2 1 1 ie 49 95 7 
6 1 15 85 7.6 
7 1 1 52 80 6.2 
8 1 4% 32 75 5.8 
9 1 1 30 70 6.4 
10 1 1 1 16 70 5.5 
11 1 1 36 75 6.6 
12 1 <* 9 50 9.1 
13 2 1 1 10 55 7.9 
14 1 1 1 0 2 9.1 
15 25 50 7.0 
16 5 30 10.1 
17 25 100 6.3 
18 25 90 6.6 
19 35 100 5.9 
20 1 1 =i 50 87 6.6 
21 4 4 4 2 1 25 61 9.1 
22 4 4 3 1 1 1 2 10 6.3 
23 1 1 ae 10 38 5.5 
24 74 81 72 
25 aia 2 14 6.7 
26 2 1 ee 1 5 11.0 
27 4 2 1 9 59 9.7 
28 1 1 41 77 9.5 
29 nae 14 78 8.4 
30 s 24 11.7 


Results. Table 1 shows the distribu- 
tion of titers for cold hemagglutinins in 
Eighteen 
cases (60%) showed a titer of 1:40 or 
over; 11 cases (36%) had a titer of 1:80 
or higher; 4 cases (13%) had a titer of 
1:160; 4 cases (13%) had a titer of 1:320; 
1 case had a titer of 1:640. No correla- 
tion could be made with the degree of 
sickling, hemoglobin, hematocrit or icterus 
index. In 21 cases, the date of the last 
crisis could be precisely determined by 
hospital records. In these cases no cor- 
relation could be established between the 
recency or severity of the attacks and the 
titer of the coid hemagglutinin. 

Three control cases (10%) showed a 
titer of cold hemagglutinin of 1:40, but 
none showed a titer of 1:80. 

In the course of these experiments, 
1 patient (No. 6) was observed 2 weeks 


prior to and during crisis. No significant 
change in the titer of cold hemagglutinin 
(1:320) or other laboratory studies was 
observed. Another patient (No. 22) was 


Ze 
Ps 55 
3 
22.4 9.0 None Mod. severe 2 wks. 
32.0 10.0 None Severe 3 mos. 
25.0 35.0 None Mod. severe 3 mos 
20.6 23.0 None Mod. severe 13 mos. 
29.2 50.0 None Severe 2 mos 
$0.2 10.0 None Severe In crisis 
16.0 20.0 None Severe 5 mos. 
18.5 35.0 3 wks. Mild 6 mos 
19.8 30.0 None Severe 5 mos. 
23.2 25.0 None Mil 8 mos. 
22.0 20.0 None Severe 5} mos. 
29.0 7.5 None Mil one 
27.1 7.5 None Mild In crisis 
31.5 7.5 None Mod. severe 5 mos 
23.5 18.0 2 wks Severe 34 mos. 
30.0 10.0 1 wk. No data available 
21.0 7.5 None Mod. severe 19 mos. 
23.0 5.0 None Mod. severe *2 wks. 
20.0: 10.0 None No data available 
21.0 35.0 None Mod. severe 44 mos. 
26.0 20.0 3 wks. Mod. severe In crisis 
19.5 15.0 None Mod, severe In crisis 
37.0 10.0 None Mild In crisis 
25.2 10.0 None Severe 7 mos. 
22.4 20.0 2 wks Mild None 
36.0 25.0 None Mild None 
28.2 10.0 None Mild 18 mos 
32.0 25.0 None Mild None 
26.0 25.0 None Mod. severe In crisis 
34.0 7.5 None No data available 


observed 10 months prior to crisis, at which 
time she showed a maximum titer of cold 
hemagglutinin of 1:40. During crisis a 
maximum titer of 1:640 was reached. 
There. was no striking change in other 
laboratory findings. A third patient 
(No. 23) was observed to have no titer 
of cold hemagglutinin 2 weeks prior to 
crisis. During crisis a maximum titer of 
1:40 was demonstrated. 

Conclusion. The cold agglutinins in a 
series of 30 cases of sickle cell anemia 
were determined. Of these cases, 60% 
showed a titer of 1:40 or over; 36% had 
a titer of 1:80 or over. A significant titer 
could not be correlated with degree of 
sickling, hemoglobin level, hematocrit, 
icterus index, the severity of the disease 
or consistently with the elapse of time 
since the last crisis. 
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PROPYLTHIOURACIL IN THE TREATMENT OF HYPERTHYROIDISM 
By E. Perry M.D. 
E. Hipss, M.D.* 


AND 


Rosert W. ScHNEIDER, M.D. 
CLEVELAND, OHIO 


(From the Department of Endocrinology, Cleveland Clinic) 


THE use of propylthiouracil over a 14- 
month perio’ from December, 1945, to 
March, 1947, has convinced us that it is 
decidedly superior to thiouracil in the 
treatment of hyperthyroidism. In our 
opinion propylthiouracil appears to be as 
effective as thiouracil in about half the 
dose and is much less toxic in its side 
effects. These findings are in agreement 
with those of previous reports.!:?:4.5 

The present paper presents a_ brief 
summary of the therapeutic properties of 
thiouracil and discusses some of our 
experiences in treating 218 cases of hyper- 
thyroidism with propylthiouracil. It deals 
briefly with a few of the aspects of the 
problem, including its safety, effective- 
ness, and required dosage, and contains a 
note regarding the concurrent use of small 
doses of iodine. The final place attained 
by any medical or surgical means for the 


clinical management of hyperthyroidism 


depends on at least one other important 
factor, namely its ability to produce a 
lasting remission or permanent cure. 
Insufficient time has elapsed in the use of 
propylthiouracil to make any sound state- 
ments on this phase of the problem. 
Time may reveal, however, that this point 
is not very important, provided the drug 
proves to be safe to use for long-continued 
periods. 

Turouracit. Thiouracil was used 
earlier and has been used much more 
widely than propylthiouracil. Before thio- 
uracil was placed on the market it had 
been used in the treatment of more than 
5000 patients and had been abundantly 
proved to be an effective means of con- 
trolling any type of hyperthyroidism with 


the possible exception of thyroid crisis, in 
which its action was too slow. Hyper- 
thyroidism of acromegaly may also prove 
to be an exception. 

The rate of response to thiouracil is 
not easily predicted. A fall in basal 
metabolic rate of 1% per day is seldom 
exceeded, while at the opposite extreme 
some patients fail to show any response 
of consequence for four or five months 
but later are well controlled. In general, 
hyperthyroidism associated with the small 
diffuse goiter responds quickest and that 
associated with the large nodular goiter 
slowest. The prolonged use of large doses 
of iodine preceding thiouracil therapy is a 
barrier to prompt response. 

The main disadvantage of thiouracil is 
that toxic effects such as fever, rash, or 
nausea occur in 10 to 15% of the patients. 
Much more serious is the agranulocytosis 
which has been seen in 2 to 3%; death 
from this occurs in 0.5 to 1%. In addition, 
a striking enlargement of the thyroid has 
occurred in some patients. These effects 
have prevented the use of the drug in 
many instances. Though its effectiveness 
is high, the mortality rate from propyl- 
thiouracil is comparable to that of thy- 
roidectomy in the hands of the most 
skillful surgeons. Thiobarbital, which is 
much more potent in its antithyroid action, 
has similar toxic effects. 

The rate of permanent remission of 
hyperthyroidism with thiouracil therapy 
has not been determined. One of the best 
estimates is that of Williams,’ who re- 
ported a remission rate of 50% in 100 
cases. It is possible that the general 
tendency toward early withdrawal of the 


* Formerly Fellow at the Cleveland Clinic; now in Portland, Oregon. 
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drug because of the risk of toxic effects 
may have reduced the number of per- 
manent recurrences. 

Present Usefulness of Thiouracil. One 
of the chief advantages of this therapy is 
the production of complete control of 
hyperthyroidism and the fact that almost 
all patients are able to follow their usual 
occupations. The complications of hyper- 
thyroidism are controlled as well by 
thiouracil as by thyroidectomy. 

Since thiouracil is no safer than surgery 
in uncomplicated moderate hyperthy- 
roidism, and since it has not been proved 
to cause remissions as often as thyroid- 
ectomy, its greatest benefit is the reduction 
of surgical risk in selected patients. If 
used in severely toxic patients, those with 
cardiac failure, those who are weak from 
long-standing disease, or in those of 
advanced age, many will become good 
surgical risks. In those who remain bad 
risks continued therapy may be war- 
ranted. By limiting the use of thiouracil 
in this way the mortality of thyroid 
surgery has been reduced almost to the 
vanishing point, but the mortality rate 
of the drug itself remains unchanged. 

PROPYLTHIOURACIL. It was evident 
from experience with thiouracil that a 
safer drug was needed, and 6-n-propyl- 
thiouracil appears to have supplied this 
need. 

Astwood,! in the first 100 cases reported, 
found 4 instances of transient pruritus, 
2 of transient headache, and 1 of transient 
arthralgia. One of his patients died 
during therapy apparently from progres- 
sive hepatic failure due to extensive 
cirrhosis. 

Among our 218 patients, manifestations 
which we attributed to the toxicity or 
sensitivity to propylthiouracil were seen 
in 7 patients. Three had mild reactions: 
nausea, arthralgia, arthralgia and numb- 
ness. The drug was continued in all 3 
of these patients. The first patient was 
nauseated while taking 300 mg. a day, 
but could take 200 mg. without discom- 
fort. In the patients who complained of 
arthralgia or numbness of the forearms 
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and hands, the symptoms disappeared 
while the drug was continued. No hypo- 
thyroidism or any evidence of organic 
nervous disease could be demonstrated 
in them. Propylthiouracil was discon- 
tinued in 4 patients. One patient de- 
veloped a severe dermatitis simulating 
the exfoliative type while taking 50 to 150 
mg. a day after 34 weeks of treatment. 
Skin testing or further trial of the medicine 
has been delayed in this case because of 
the severity of the dermatitis. The 
second patient complained of numbness of 
the extremities. This probably was a 
toxic effect, since no other cause was found 
to explain it. One showed a fall in the 
granulocyte count to as low as 25% on 
repeated trials of 75 to 150 mg. per day, 
so the drug was finally discontinued after 
22 weeks of treatment. This case has been 
reported.2, In one patient the drug was 
discontinued because of urticaria, and 
thyroidectomy was performed. One 
patient died at his home while taking the 
drug. He was 65 years old, had a nodular 
goiter and poor cardiovascular status. 
One day, without having complained 
more than usual, he vomited, became 
extremely weak, and died within a day. 
He had no fever. Blood counts were not 
made. Unfortunately, news of his death 
did not reach us at once. In spite of 
contact made with his relatives and the 
physician called in, no further information 
could be obtained, and the cause of his 
death was never ascertained. The meager 
information we received did not appear 
to point toward a toxic reaction, but such 
a possibility cannot be entirely excluded. 
The final appraisal of the side effects 
of propylthiouracil, based on 218 separate 
clinical trials covering an average of 8 
months per patient and using doses from 
50 to 500 mg. a day, confirms to us the 
fact that it is a relatively non-toxic drug. 
To date the maximum doses used have 
caused no more toxic effects than have 
followed the small doses. There were no 
fatalities, 3 minor reactions which did not 
interrupt treatment, and 4 reactions which 
necessitated stopping the drug. Agranulo- 


546 
Wi 
pl 
3 
ot 
Wl 
in, 


PROPYLTHIOURACIL IN THE TREATMENT OF HYPERTHYROIDISM 547 


cytosis did not occur. Consequently, we 
have discontinued the routine practice 
of taking weekly white blood counts. In 
prescribing the drug the possibility of a 
toxic effect is explained to the patient, and 
it is suggested that a white blood count 
be made if a sore throat or unexplained 
fever occurs. 

Effectiveness and Required Dose. The 
speed of response is an important con- 
sideration. The continuance of hyper- 
thyroidism in a patient with complicating 
heart disease, diabetes, or tuberculosis 
may lead to an irreversible downhill course. 
Even without concurrent disease it is 
highly desirable to lower the basal meta- 
bolic rate as quickly as possible. At best 
the treatment covers several months, and 
the patient may be discouraged and lose 
contact with his physician if the results 
are too gradual. For this reason, the 
smaller initial doses of 150 mg. per day, as 
recommended in earlier publications,” have 
been replaced by doses of 300 mg. or more 
per day in moderately severe and in 
severe hyperthyroidism. Somewhat smal- 
ler doses may be sufficient for main- 


tenance, but even this must be taken as a- 


guarded conclusion. 

All of our patients have remained 
ambulatory and have been treated as 
office patients except those who were 
seriously debilitated by complications 
such as cardiac decompensations of severe 
degree. Almost all others continued to 
work or to carry on their usual activities. 
The basal metabolic rate was determined 
at intervals of 4 weeks. A few patients 
received iodine in doses of 10 to 30 mg. per 
day in addition to propylthiouracil for 
comparative purposes. When the meta- 
bolic requirements were high and there 
was a tendency to weight loss, diets sup- 
plying as much as 4000 calories per day 
were prescribed and vitamin B complex 
was given to a few. Sedatives, such as 
phenobarbital, were used on doses of 3 gr. 
3 times a day in many. Otherwise no 
other medication was given except that 
which was necessary to treat a complicat- 
ing disease. 


Eighty-seven patients who had re- 
sponded with complete control of their 
symptoms and basal metabolic rates were 
used to compare the speed of effect of the 
drug at different dosage levels. The 
remainder were eliminated from this part 
of the study for various reasons. Some 
had been treated for too short a time; in 
some propylthiouracil was used to main- 
tain a remission which had been effected 
by thiouracil, iodine, or x-ray; a small 
group failed to take the drug as pre- 
scribed, and finally in some the basal 
metabolic rate did not show an adequate 
response due to complicating factors such 
as asthma or poorly compensated cardio- 
vascular disease and thus was not an 
accurate indication, despite control of the 
hyperthyroidism. 

Of the 87 patients 51 had diffuse goiter, 
22 had nodular goiter, and 14 had recur- 
rent or residual hyperthyroidism following 
previous operation. The usual sex in- 
cidence was present. THe original basal 
metabolic rate ranged from +19 to +79 %. 
Complicating disease included rheumatic 
and arteriosclerotic heart disease, syphilis, 
diabetes, and pernicious anemia. 

The dose of propylthiouracil varied from 
50 to 400 mg. a day. Early in the study, 
doses of 75 or 100 mg. per day were 
common, but as our experience increased 
we gradually raised the dose to the higher 
levels in order to obtain a more rapid 
response. To study the comparative 
effectiveness of various doses, these cases 
have been arbitrarily divided into two 
groups: (1) those receiving less than 150 
mg. per day and (2) those receiving 150 
mg. or more per day. 

In the 48 patients with diffuse goiter 
receiving 150 mg. or more a day, there 
was an average fall of basal metabolic rate, 
of 2.91 % per week, while in 3 patients with 
diffuse goiters receiving less than 150 mg. a 
day the fall was 2.64% per week. The most 
rapid response was seen in a patient having 
recurrent hyperthyroidism with a basal 
metabolic rate of +60% which fell to 
—114% in six weeks, an average of 11.8% 
per week. The dose was 200 mg. per day. 
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In the 15 patients with nodular goiters 
on the higher dose, the fall was 2.49% 
per week as compared with a fall of 1.74% 
per week in 7 patients on the smaller dose. 
In recurrent or residual hyperthyroidism 
the fall was 2.96 % per week in 8 instances 
while it was only 1.18% per week in 6 
patients receiving less than 150 mg. per 
day. 
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in continuing it. The basal metabolic 
rate in many instances drops rapidly down 
to +20 or +15% and slowly from that 
level to zero. Often, to be sure, a good 
response will be made on 150 mg. until 
the basal metabolic rate reaches +15%, 
and then more than 200 mg. per day is 
necessary to relieve the remaining signs of 
hyperthyroidism. In a few patients the 


TABLE 1.—ReEsu.ts oF DIFFERENT DoSAGES OF PROPYLTHIOURACIL 


Average fall in B.M.R per week 
Average original B.M.R.. 


Average duration of treatment before B.M.R. returned to 


normal .... 


Our data were analyzed with respect to 
effective dose range in another way. For 
this purpose an effective dose was defined 
as one which produced a progressive fall 
in basal metabolic rate of 2% or more per 
week to within normal range. An effective 
dose might take more than 3 months at 
this rate to produce a fall in the basal 
metabolic rate to within normal range, 
depending upon the height of the meta- 
bolic rate at the beginning of the test. If 
3 months passed, however, and a rate of 
fall of basal metabolic rate less than 2% 
per week still persisted the dose employed 
was called ineffective. A single patient 
might fail to respond adequately to 150 
mg. or even 200 mg. per day and yet 
respond well to 300 mg. or more. Thus 
more than one test might be made on 1 
patient. In the following figures 158 such 
tests are represented. The results are 
summarized in the following table. 

TABLE 2.—EsTIMATED EFFECTIVENESS OF DiIF- 
FERENT DoSAGES OF PROPYLTHIOURACIL 
Total No. Effec- Per cent 


Daily dose of tests tiveness effective 
150 mg. andless .. 50 29 58.0 
200 mg.andless .. 111 97 87.4 
300 mg.andless . . 158 152 96.3 


Thus a dose of 300 mg. per day is seen 
to be ineffective, if defined in these terms, 
in only 3.7% of these patients. In them, 
doses higher than 300 mg. per day were 
required. We have seen little disadvan- 
tage in using 300 mg. as the initial dose or 


Group 1. (Less than Group 2. (150 mg. or 
150 mg. per day) more per day) 


16 patients 71 patients 
1.73% 2.82% 

23.5% +38% 

13.6 weeks 13.6 weeks 


dose had to be raised even to 400 mg. or 
more to obtain a normal metabolic rate. 
Four hundred milligrams or more per day 
have been used at some time during the 
treatment of 25 patients. 

Frank myxedema occurred twice, and 
definite symptoms of hypothyroidism ap- 
peared in 5 other patients. Desiccated 
thyroid was given to control this complica- 
tion, and the propylthiouracil was con- 


_ tinued. We wished to maintain the de- 


pressive effect on the goiter in the hope 
of increasing the chance of securing a 
permanent remission. Only 2 patients 
showed significant enlargement of the 
thyroid. One of these was a young woman 
who was pregnant, the other a boy 17 
years of age. We have not been impressed 
by the presence of a lethargy or drowsiness 
which might be regarded as an effect of 
the drug apart from the hyperthyroidism. 

We interpret these data to mean that 
300 mg. per day of propylthiouracil is near 
the ideal dose to be used in active treat- 
ment of hyperthyroidism. Although some 
patients respond to smaller doses, a dose 
of 300 mg. or more a day has been neces- 
sary in 34% of the total number of patients 
in order to lower the basal metabolic rate 
to normal range. If toxic results on doses 
of 300 mg. or more per day are shown to 
be more frequent in further studies, the 
routine use of this initial dose will be 
modified. If such circumstances arise, 
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200 mg. may be tried and the dose in- 
creased if an effective response fails to 
occur. In this way time would be lost, but 
the minimum amount of the drug would 
be used. 

With regard to speed of control a few 
general statements may be made. Hyper- 
thyroidism in association with small diffuse 
goiters in cases in which no previous 
iodine has been given, react the most 


of the same type as those in whom more 
than one recurrence may occur following 
operation. Such resistance to treatment 
certainly does not encourage hope for a 
permanent medical cure. 
Hyperthyroidism of long standing has, 
in most instances in our hands, been more 
resistant to therapy. The goiter is usually 
larger under such circumstances, and per- 
haps the mass of reacting thyroid tissue 


AVERAGE RESPONSE TO PROPYL THIOURACIL 
IN DIFFUSE AND NODULAR GOITER 


48 CASES — DIFFUSE 
15 CASES NODULAR 


v 


6 7 8 
WEEKS 


9 23 45 


Average fall in BMR per week --- Diffuse goiter 2.66% -Nodular goiter 237%. 

The average response differs little in diffuse and nodular goiters. 

The very rapid responses tend to occur in the diffuse. 

The very slow responses of many months occur chiefly in large nodular goiters. 
Cuart 1 


rapidly to propylthiouracil. These promise 
for this reason to be among those which 
will respond eventually with a permanent 
medical cure. Instances have been seen, 
however, especially in young people, in 
which increased dosage of the drug is 
associated with only partial control, ap- 
pearing to indicate a natural ingravescence 
of the disease. In some of these the 
thyroid continues to enlarge during treat- 
ment. These patients appear to us to be 


present is a factor of some importance. 
We are inclined to believe that it is. 

Large adenomatous goiters respond 
more slowly in some instances. If groups 
of cases are compared, however, it is 
interesting to note that there is only a 
small average difference. The impression 
that the opposite is the case apparently 
arises chiefly from the fact that there are 
some very rapid responses among the 
patients with diffuse goiter and a few very 
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slow responses among those with nodular 
goiter. Chart 1, showing average response 
in diffuse and in nodular goiter, illustrates 
this point. 

A woman with acromegaly was the only 
patient with hypermetabolism which we 
judged to be at least partly of thyroid 
origin who has not responded at all to 
propylthiouracil. She has had as much as 
600 mg. per day for more than 9 months. 
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majority it remains approximately the 
same or there is a slight increase, in a few 
there is an increase which occasionally 


- may be extreme. The rate of increase in 


exophthalmos and its degree of severity 
appear to bear little or no relationship 
to the activity of the thyroid gland. In 
most of our patients an attempt has been 
made to follow the course of exophthalmos 
and associated eye signs by repeated 


TABLE 3.—DeEGREE oF EXOPHTHALMOS BEFORE AND AFTER TREATMENT 
Degree of exophthalmos 


Before treatment After treatment Duration of B.M.R 
treatment 

O.D. O.S. O.D. O.S. weeks First Last 
Men ea ae 21 22 22 37 +44 —15 
30 27 27 46 +40 -— 6 
21 21 24 37 +62 - 9 
23 23 22 43 +24 +15 
21 21 23 28 +15 -1 
19 19 28 14 +53 + 5 
Women 19 19 19 45 +29 +11 
21 21 20 57 +28 + 9 
25 25 24 59 +16 -— 6 
26 24 27 48 +61 +10 
26 25 26 37 +28 + 0 
21 20 20 27 +52 —- 6 


Little of value can be said from our data 
regarding the probable frequency of per- 
manent cure of hyperthyroidism following 
withdrawal of propylthiouracil. The drug 
has been discontinued in only 17 patients. 
Recurrence has been noted in 6 of these. 
In 4 of the 6 the basal metabolic rate was 
never shown to have fallen to zero, and 
in 1 of these the drug was stopped inadver- 
tently by the patient when the basal 
metabolic rate was +15%. In this 
instance there was more accurately an 
ingravescence than a recurrence. 

In 2 patients, after treatment for 36 and 
51 weeks, respectively, there was a recur- 
rence in 12 weeks and in 4 weeks after 
cessation of medication, the basal meta- 
bolic rate to cessation being —9 and —15%, 
respectively. In 11 other patients remis- 
sion continued for periods ranging from 
1 to 30 weeks in 10 and up to 14 months 
in 1, 

Exophthalmos. Exophthalmos appears 
to behave during treatment with propyl- 
thiouracil in much the same way as it 
does after thyroidectomy; namely, in the 


estimation of the severity of the changes 
and by actual measurement of the prop- 
tosis by means of a Hertel exophthal- 
mometer. Measurements of the proptosis 
have been made in each instance by Dr. 
A. D. Ruedemann or Dr. R. J. Kennedy. 
The following table (Table 3) represents 


measurement of the degree of exophthal- 


mos in millimeters in a group of 12 patients 
in whom 3 or more measurements were 
made over a period varying between 14 
and 59 weeks. The A.P. position of the 
globe is given at the beginning and at the 
end of this course of therapy and is stated 
in millimeters, and concurrent fall in 
basal metabolic rate is shown. 

Iodine and Propylthiouracil Given Con- 
currently. Early inthe use of thiouracil 
desiccated thyroid was used in doses as 
high as 2 gr. per day in the 3 patients in 
whom it was tried but failed to eliminate 
the thrill and bruit from a vascular goiter 
over a period of a month. Iodine, how- 
ever, in doses of 10 mg. per day did so in 
less than a week. It became a matter of 
interest to know whether such manage- 
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ment hindered or helped the antithyroid 
effect as a whole or interfered with propyl- 
thiouracil later. A group of patients who 
had diffuse goiters of approximately the 
same size was chosen. Some of these were 
given iodine in doses of 10 to 30 mg. per 
day concurrently with propylthiouracil. 
The remainder were given no iodine. 
There was no significant difference in their 
rate of response. The following chart 
(Chart 2) depicts the average rate of fall 


shown that the thyroid glands of thiourea- 
treated rats fail to take up iodine in the 
normal manner,‘ and also because ex- 
perience has shown that thiouracil effect 
may be slowed by pre-treatment with large — 
doses of iodine. 

The proper réle of propylthiouracil in 
the management of hyperthyroidism has 
not been settled and cannot well be settled 
until the matter of the control of incres- 
cence of the disease during therapy and 


COMPARISON OF AVERAGE RESPONSE TO PROPYL 
THIOURACIL WITHOUT IODINE AND WITH IODINE 


35 cases without lodine---- 
Il cases with lodine 
lodine 2Orng. per day given 
concurrent with propyl thiouracil 
in patients with diffuse goiter 


6 


8 9 le 415 


WEEKS 


Average fall BMR per week—without iodine 295% -- with iodine 3.07%. 

lodine 10 mg. per day quickly eradicates the thrill and bruit which may appear. 
In these doses the effectiveness of propyl! thiouracil is not hindered. 
Pretreatment with iodine should not be suddenly stopped. 


CuHart 2 


of the basal metabolism in the two groups. 
For this reason it has become our practice 
to give iodine in doses of 10 to 30 mg. 
per day in cases of Graves’ disease to 
prevent these signs of vascularity within 
the gland. It is possible that larger doses 
of iodine might be used concurrently with 
propylthiouracil treatment to produce a 
more rapid response without interference 
with the final propylthiouracil effect. In 
view of experimental work bearing on this 
phase of the problem it must be ap- 
proached: with caution since it has been 


especially the production of lasting re- 
missions after cessation of therapy has 
been adequately established. 

At present our procedure is as follows, 
the patients having been graded into the 
following 4 classes: 

1. In patients with small goiters and 
relatively mild hyperthyroidism an at- 
tempt at a medical cure is made. The 
aim here is to control the symptoms com- 
pletely and if possible to hold the basal 
metabolic rate at or below zero for 8 or 
more months. Exception to this manage- 
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ment may arise for various reasons in- 
cluding: (1) the patient’s preference for the 
relative certainty of a surgical cure, (2) 
lack of intelligence and coédperation of the 
patient, (3) interference of toxic effects, 
(4) existence of a solitary adenoma and 
indication for surgical removal, (5) pres- 
ence of pregnancy with consideration of 
surgery as the more prudent course until 
safety of the drug to the infant is fully 
established. 

If after adequate trial and withdrawal 
of the drug recrudescence is evident, a 
choice between its continued use and sur- 
gery must be made. 

2. In all young people with hyper- 
thyroidism of mild or moderate degree 
when there is no apparent risk to surgery 
and when thyroidectomy is decided upon, 
iodine preparation without propylthioura- 
cil is usually the preoperative treatment 
of choice because the response is quicker. 
Propylthiouracil may be used but is 
unnecessary. 

3. Complete control of the disease with 
propylthiouracil is advised in all patients 
with severe hyperthyroidism, in all those 
over 45 years of age, as well as in those 
with complicating factors such as poor 
cardiac status. When the disease is thus 
controlled Lugol’s solution is given for 2 to 
3 weeks in doses of 1 cc. 3 times a day. 
During the week preceding operation no 
propylthiouracil is given and_ thyroid- 
ectomy is performed. 

4. In patients whose hyperthyroidism is 
complicated by extreme old age, by cardiac 
or other complications which will prevent 
their ever becoming good surgical risks 
even after the elimination of hyperthy- 
roidism, propylthiouracil may be con- 


tinued indefinitely. To this group may 
also be added those patients with post- 
operative recurrence of hyperthyroidism 
because in them the increased morbidity 
from nerve or parathyroid gland injuries 
warrants withholding further operation 
unless it becomes imperative. 

Conclusions. 1. Propylthiouracil is a 
safe drug. In 218 patients treated for an 
average of 8 months and in some as long 
as 14 months, no cases of agranulocytosis 
were seen. Three minor reactions oc- 
curred, and 4 other reactions required the 
cessation of treatment. 

2. It is effective in controlling hyper- 
thyroidism of all types except possible 
instances of acute crisis in which its ac- 
tion is too slow. The hyperthyroidism of 
acromegaly may also be an exception. 

3. An effective dose in more than 95% 
of our patients has been 300 mg. per day. 
A smaller dose is effective in many. A 
larger dose has been required in less than 
4%. 

4. Iodine in doses as high as 30 mg. per 
day may be used concurrently with 
propylthiouracil. It will eliminate the 
thrill and bruit in diffuse glands and does 
not hinder the action of propylthiouracil. 

5. A tentative plan is presented for the 
use of propylthiouracil to the best ad- 
vantage of the patient with hyperthy- 
roidism. 

6. The probable frequency of permanent 
remissions of hyperthyroidism following 
the use of propylthiouracil cannot yet be 
properly estimated. At present long- 
continued use of the drug appears war- 
ranted in some patients and may later 
appear feasible and perhaps desirable in 
many. 
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USE OF PYRIBENZAMINE IN PREVENTION OF HISTAMINE-INDUCED 
GASTRIC ACIDITY AND HEADACHE AND IN TREATMENT OF 
HYPERSENSITIVENESS TO COLD* 


By Epwarp L. Perry, M.D. 
FELLOW IN MEDICINE, MAYO FOUNDATION 
AND 
Bayarp T. Horton, M.D. 


DIVISION OF MEDICINE, MAYO CLINIC 
ROCHESTER, MINNESOTA 


PyYRIBENZAMINEf is one of a series of 
compounds the ability of which to antago- 
nize the effects of histamine recently has 
been investigated by Mayer, Huttrer and 
Scholz.* The chemical name is N’-pyridyl- 
N’-benzyl-N -dimethyl-ethylene diamine 
hydrochloride. 
crystalline, stable non-hygroscopic com- 
pound, soluble in water at room tempera- 
ture to the extent of 130 gm. per 100 ce. 

According to the aforenamed investi- 
gators, pyribenzamine in very small doses 
is capable of preventing the action of 
histamine on an isolated strip of intestine 
of the guinea pig. It also has anti-acetyl- 
choline activity, but for such purpose, a 
dose 100 times that necessary for anti- 
histamine action is required. The authors 
named also have demonstrated that pyri- 
benzamine is effective in delaying occur- 
rence of the asthma which exposure to a 
histamine-aerosol-air stream usually pro- 


duces in guinea pigs. Under ordinary 


circumstances, asthma appears in 35 to 90 
seconds and convulsions in 1} to 33 
minutes after exposure to histamine- 
aerosol-air stream. The convulsions are 
delayed from 2 to 6 hours if pyribenzamine 
is administered subcutaneously in the 
amount of 0.1 mg. per kilo. of body weight 
15 minutes prior to exposure. According 
to Mayer,‘ the drug also protects dogs and 
guinea pigs against shock doses of ana- 
phylactic substances to which the animals 
have been sensitized. 

The mechanism of the action of pyri- 
benzamine and other antihistamine com- 
pounds is unknown. 


The drug is a white, ° 


FaILuRE OF PyRIBENZAMINE USUALLY 
TO PREVENT THE INCREASE IN GASTRIC 
Acipity InpucEp By HistaMINE. Four- 
teen persons were used in the study. 
Twenty-seven gastric analyses were done. 
The patients studied had multiple sclerosis, 
Méniére’s disease, nerve deafness or ten- 
sion headaches. A normal person also was 
studied. None had symptoms referable 
to the gastro-intestinal tract. 


Procedure. The volume, free acidity and 
total acidity of the gastric content were 
determined. The subject was then given 
0.05 mg. of histamine base intravenously. 
The solution of histamine diphosphate used 
contained 0.1 mg. of histamine base per 
cubic centimeter. Samples of gastric juice 
were then obtained every ten minutes over 
a period of approximately one and a half 
hours or until the values returned to fasting 
level. 

Pyribenzamine was then given for a 
specified period of time. Dosage of the drug 
varied from 50 mg. twice daily to 100 mg. 
four times daily. The period over which it 
was administered varied from one to eight 
days, the last dose being given the day of the 
second test in most instances. Fasting levels 
of volume and free and total acidity were 
again determined. Then intravenous in- 
jection of 0.05 mg. of histamine base was 
given for the second time and analysis of 
gastric content was repeated in the same 
manner as previously described. 


Results. Gastric acidity was increased 
after the Ist injection of histamine in 
12 of the 14 cases. In 2 cases histamine 
failed to cause increased acidity. Of the 
12 cases in which increased acidity was 


* Abridgment of a portion of thesis to be submitted by Dr. Perry to the Graduate School of the 
University of Minnesota, in partial fulfillment of the requirements for the degree of Master of Science 


in Medicine. 
+ Ciba Pharmaceutical Products, Ine. 
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found after the lst injection of histamine, 
in all but one acidity was increased after 
a 2nd injection of histamine given sub- 
sequent to the use of pyribenzamine. In 
2 cases (one illustrated in Fig. 1) a less 
pronounced rise occurred after use of pyri- 
benzamine, in 4 cases essentially the same 
results as in the initial observations were 
secured and in 4 cases (one illustrated in 
Fig. 2) an increase in acidity was found. 
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The foregoing determinations were not 
made on one person after use of pyri- 
benzamine because the occurrence of 
severe side reactions, including dizziness 
and numbness of the hands, necessitated 
discontinuance of administration of the 
drug. Of the 2 persons whose acidity 
failed to increase after the 1st injection of 
histamine, 1 responded and 1 failed to 
respond to injection of histamine after the 
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Fic. 1.—Alterations in volume and acidity of gastric contents in a case of nerve deafness: (a) after 
intravenous administration of 0.05 mg. of histamine base; (b) after treatment with 1600 mg. of pyri- 
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benzamine followed by intravenous administration of 0.05 mg. of histamine base. 
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Fic. 2.—Alterations in volume and acidity of gastric contents in a case of multiple sclerosis: (a) after 
intravenous administration of 0.05 mg. of histamine base; (b) after treatment with 1000 mg. of pyri- 
benzamine followed by intravenous administration of 0.05 mg. of histamine base. 
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use of pyribenzamine. Average values for 
the preceding determinations for 13 per- 
sons are shown in Table 1. 

Comment. We cannot explain the fore- 
going results. McElin and one of us® 
(Horton) previously found in similar tests 
that benadryl similarly did not have a 
consistent effect in preventing an increase 
of gastric acidity after administration of 
histamine. Recently it has also been 
demonstrated’ that neither benadryl nor 
pyribenzamine has the ability to antago- 
nize histamine-stimulated gastric secretion 
in the dog. 
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that the 5th cranial nerve and upper 
cervical nerves were the afferent pathways 
for the conduction of pain stimuli from the 
intracranial vessels or surrounding struc- 
tures. 


Material and Procedure. Four student 
nurses volunteered as subjects for our 
observations of the effect of pyribenzamine 
in preventing headache induced by intra- 
venous administration of histamine. 

Determinations of basal blood pressure 
were obtained with the subjects supine. 
Then 0.5 cc. of a solution of histamine 
diphosphate containing 0.1 mg. of histamine 


TABLE 1.—FAILURE OF PYRIBENZAMINE USUALLY To NuLLIFY EFFect on GasTRIC 


SECRETION 
Effect of histamine when preceded 

Effect of histamine only by pyri e 

Before After After pyri- After pyribenzamine 
Gastric secretion histamine histamine benzamine only _ plus hi i 
Free acidity, units . . . .. . 38 56 41 64 
Total acidity, units oe ee 49 69 53 76 
Increase in free acidity, units . 18 ee 23 


THe Errect oF PYRIBENZAMINE ON 
HISTAMINE-INDUCED HEapacHeE. Picker- 
ing® studied the effects of histamine in 
producing headache experimentally. 
Actual headache, he found, is preceded 
by flushing of the face, a throbbing sensa- 
tion in the head and a fall in systemic 
blood pressure. The pressure of cerebro- 
spinal fluid was observed by Pickering to 
increase markedly as the blood pressure 
decreased. In his work, headache usually 
came on in about 6U seconds after ad- 
ministration of histamine concomitant 
with return of the blood pressure to normal 
or above and with fall of cerebrospinal 
fluid pressure toward normal. Clark, 
Hough, and Wolff? made similar observa- 
tions. They thought that the cause of the 
headache was increased dilatation of the 
intracranial vessels which resulted in 
production of painful impulses while the 
vessels were under normal or increased 
vascular tension. Schumacher, Ray and 
Wolff® in later studies concluded that 
extracranial and dural vessels play a 
minor réle in the production of experi- 
mental histamine-induced headache, and 


base per cubic centimeter was injected intra- 
venously. Thereafter blood pressure was 
determined frequently and the subject was 
instructed to indicate the exact time of onset 
of headache, its location and severity and 
any changes that occurred. Following 
cessation of headache, pyribenzamine was 
administered intravenously in the following 
amounts: in 2 instances, 25 mg. of pyri- 
benzamine in 100 cc. of physiologic saline 
solution, in the 3rd instance, 25 mg. in 150 
ec. and in the 4th instance, 12.5 mg. in 100 
cc. were administered. Then another intra- 
venous injection of histamine in the same 
amounts as previously used was given and 
the observation repeated. 


Results. In 3 of the 4 instances, the 
headache caused by injection of histamine 
was much less intense and of shorter 
duration after administration of pyri- 
benzamine than before (Fig. 3). In the 
4th instance headache did not develop and 
a decrease in blood pressure was not 
observed after injection of histamine. 
In all 4 instances there was also a definite 
decrease in flushing of the face and throb- 
bing sensation in the head when the 
injection of histamine followed administra- 
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tion of pyribenzamine. Asa control study, 
we observed that after a subject had com- 
pletely recovered from headache induced 
by intravenous administration of 0.5 ce. 
of histamine diphosphate containing 0.05 
mg. histamine base a similar or even worse 
headache could be induced by injecting 
again the same amount of histamine intra- 
venously. 


The woman was seen at the clinic in 
August, 1941, when desensitization to hista- 
mine was started. It was estimated that at 
the end of 16 days the patient showed about 
65% improvement as measured by the 
amount of swelling which occurred after 
immersion of the hand in water at 10° C. 


_for 7 minutes. 


When the patient was again seen at the 
clinic, in 1946, she complained of inability 
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Fig. 3.—Changes in blood pressure and in severity of headache of a normal person: (a) induced by 
intravenous administration of 0.05 mg. of histamine base; (b) induced by intravenous administration of 
0.05 mg. of histamine base after intravenous injection of 25 mg. of pyribenzamine in 100 ce. of physiologic 


saline solution. 


Comment. 
prevents the action of histamine on the 
cerebral vessels. Three of the 4 subjects 
experienced moderately severe side reac- 
tions consisting of dizziness, nausea, weak- 
ness and a feeling of pressure in the head. 

EFFECT OF PYRIBENZAMINE IN TREAT- 
MENT OF PatTIENTS WuHo ARE HyPer- 
SENSITIVE TO COLD. 


Case Reports. Case 1. A white woman, 
aged 19 years, had first exhibited hyper- 
sensitivity to cold in 1941. She had gone 
swimming on May 30 and again on July 4. 
On the latter date, after she had been in the 
water about 2 minutes she became dizzy 
and fainted. When she was taken from the 
water, her body was red and edematous and 
her breathing was difficult. Some edema 
had persisted for about 42 hours, 


Presumably pyribenzamine 


to eat cold foods or to breathe cold air with- 
out occurrence of a sense of constriction in 
the throat. A rash would develop after 
exposure to extreme cold. Headache would 
also occur after exposure to cold. 

A wheal was not produced by the applica- 
tion of an ice cube to the dorsum of the fore- 
arm for 3 minutes. However, the patient 
reported a sense of constriction in the throat 
and a headache after ingestion of ice water. 
Symptoms would appear in 2 to 3 minutes 
and would persist for 10 to 12 minutes. 
Benadryl] administered in amounts of 50 mg. 
four times daily gave approximately 75% 
relief of symptoms. Pyribenzamine ad- 
ministered in the same dosage gave about 
25% relief. Larger doses of the latter drug 
were tried but had to be discontinued be- 
cause of the occurrence of a severe headache 
as a side reaction, 
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Case 2. A white man, aged 35 years, had 
had swelling of the face and hands after 
exposure to cold during the previous 5 years. 

A wheal and a flare were produced by 
application of an ice cube for 3 minutes to 
the ventral surface of the left forearm. 
Immersion of the hand and forearm in 
water at 10° C. for 12 minutes resulted in 
edema of the hand, including the fingers. 
The edema, which extended up to the line 
of immersion, persisted about 7 hours. 
Pyribenzamine was given, 150 mg. at night 
and 150 mg. the following morning, after 
which the afore-mentioned tests were re- 
peated. A wheal was not produced by 
application of an ice cube to the ventral sur- 
face of the forearm; however, edema of the 
hand and forearm occurred after immersion 
for 12 minutes in water at 10° C. The 
patient was then given another dose of 
150 mg. of pyribenzamine. The edema in 
this case lasted for only an hour. 

Case 3. A student nurse, 20 years of age, 
had urticaria after exposure to cold air. 
She was observed on one occasion after she 
had been exposed to cold air for a few 
minutes and urticaria had developed on the 
arms, forearms and thighs. The urticaria 
was accompanied by itching. A dose of 15 
mg. of pyribenzamine in 100 ce. of physio- 
logie saline solution was administered intra- 
venously at the rate of 12 drops per minute. 
The pruritus ceased in 3 minutes and the 
urticarial wheals disappeared in approxi- 
mately 10 minutes. The drug apparently 
had no effect on swelling of the lip which had 
appeared concomitantly with the urticaria. 
The patient became drowsy during admin- 
istration of pyribenzamine. 

She subsequently took the drug orally 
with prophylact:e or therapeutic intent; she 
found that urticaria would not develop after 
prophylactic use of the drug and that pruritis 
and urticaria, once they had begun to 
develop, would disappear after therapeutic 
use of the drug. Two weeks after she had 
made the foregoing observations she reported 
that the drug seemed to have lost some of its 
effectiveness and that she then required 100 
mg. to produce the same benefit as 50 mg. 
had given previously. This patient also 
tried the effect of benadryl and found that 
it took 100 mg. of benadryl to produce the 
same effect as 50 mg. of pyribenzamine, 


Arbesman, Koepf and Lenzner,! in a 
clinical report on the use of pyribenza- 
mine, found it effective in preventing the 
wheal response to application of an ice 
cube in cases of physical allergy to cold, 
as well as in enabling patients to tolerate 
cold without discomfort. 

Comment. We should point out that 
in our Case 1 the manifestations were 
entirely subjective. In Case 2 the edema 
persisted for only about an hour after 
administration of pyribenzamine as com- 
pared with a duration of 7 hours when the 
drug had not been used. Urticaria, which 
was the manifestation in Case 3, disap- 
peared shortly after administration of 
pyribenzamine. Both benadryl and pyri- 
benzamine were used in 2 of the cases 
under discussion. One of the 2 patients 
derived greater symptomatic relief from 
benadryl while the other showed greater 
response to pyribenzamine when the drugs 
were given in the same dosage. 

Summary and Comment. Pyribenza- 
mine, a new antihistamine compound, has 
been studied with respect to its effective- 
ness in preventing the rise in gastric 
acidity induced by administration of his- 
tamine, in prevention of headache initiated 
by intravenous injection of histamine, and 
in respect to its effect on the symptoms 
and signs of hypersensitiveness to cold 
exhibited by 3 patients. 

There was no consistent effect of the 
drug in preventing the increase of gastric 
acidity induced by administration of 
histamine. The amount of pyribenzamine 
used in these cases varied from 100 to 400 
mg. daily given in divided doses and the 
drug was administered over periods vary- 
ing from 1 to 8 days. 

Headache induced by intravenous in- 
jection of 0.05 mg. histamine base was 
almost entirely prevented by intravenous 
administration of 12.5 to 25 mg. of pyri- 
benzamine. Because of side reactions, we 
do not recommend that it be administered 
intravenously. We did not, however, 
observe any acute hypotension or other 
alarming reactions following intravenous 
use of the compound, 
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Three patients who had symptoms or in preventing or aborting urticaria induced 
signs of hypersensitiveness to cold were by exposure to cold, it was necessary, after 
studied. Pyribenzamine was of some a period of 2 weeks, to increase the dose 
value in all 3 cases in reducing the severity of drug used. It should be emphasized 
or duration of symptoms caused by ap-_ that it is not a cure for hypersensitivity 
plication of provocative measures. In the _ to cold but that it may give symptomatic 
one case in which, on adequate trial, relief and deserves further study in this 
pyribenzamine was found to be of value condition. 
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ANIMALS exposed to infection produce 
in their blood and tissue fluids soluble 
substances which tend to prevent or cure 
infection. These are called antibodies 
since they act against the foreign agent 
and often confer protection or immunity 
against it. Antibodies do not always, 
however, confer increased resistance but 
may actually raise the susceptibility (or 
cause sensitization) of the host. This was 
shown nearly 50 years ago when Portier 
and Richet*® reported that toxic extracts 
of the sea anemone’s tentacles were toler- 
ated by dogs in a first injection but pro- 
duced violent, and often fatal, responses 
when reinjection was carried out some 
days later. To characterize this lowering 
of resistance, they coined the phrase 
“anaphylactic action” to distinguish it 
from its antithesis, the prophylactic or 
protective response. Another, and per- 
haps similar, type of increased suscepti- 
bility is to be seen in allergic individuals 
who develop, for some unknown reason 
related to heredity, antibodies which sen- 


sitize them to ordinarily harmless pollens. 
It is with this class of “ pseudo-defense” 
reaction that the present article will deal. 

Historically, the first clue to the im- 
munologic nature of hay fever was given 
by the discovery of a related antigen, or 
foreign substance giving rise to the forma- 
tion of antibodies. Although seasonal 
“catarrh” had been blamed upon solar 
light, the heat of summer, bacteria, the 
gouty diathesis, ozone and the emanations 
of flowers and plants, it was Blackley* 
who first gave scientific evidence that the 
last-named factor was the real cause. He 
not only reproduced the sneezing attacks 
in himself by exposure to pollen but also 
showed that susceptible patients reacted 
violently to pollen placed on the nasal, 
buccal or ophthalmic membranes or on 
the abraded skin. Thus a specific agent 
was shown to produce a susceptibility 
later called hay fever. 

Despite these excellent contributions, 
Blackley had few followers during the 
next 30 years, therapy in hay fever being 
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directed toward the correction of “local 
pathology” in the nose by means of sur- 
gery, or electrocautery. In 1903 Dunbar"® 
revived the pollen theory and, in an effort 
to duplicate the success of antitoxin in 
diphtheria, applied the serum of pollen- 
inoculated animals to the inflamed mem- 
branes of allergic subjects. Although 
the considerable efficacy of this therapy 
strengthened the concept that the dis- 
order was related to a specific antigen, 
final conviction awaited the demonstra- 
tion by Noon*® in 1911 that it could be 
prevented by a series of preseasonal injec- 
tions with pollen extract. The concept 
at this time was that hay fever was the 
result of a combination of antigen with 
an antibody probably of the same type 
as that demonstrated in sensitized animals. 
Since it had been shown that anaphylaxis 
could be prevented by means of repeated 
small injections during the interval be- 
tween the first and the later “shocking” 
dose, the success of Noon’s therapy was 
explained on a similar basis and his pro- 
cedure referred to as “desensitization.” 
It made the assumption that the hypo- 
thetical antibodies of hay fever were 
gradually saturated and inactivated by 
the administered antigen. 

Ten years later, evidence for the 
existence of allergic antibodies was first 
given by Prausnitz® when he injected a 
small amount of serum from fish-sensitive 
Kuestner into normal skin and obtained 
an urticarial response to a later test with 
the fish extract. Although this demon- 
stration added to the theory that hay 
fever and other allergic disorders were 
analogous to anaphylaxis in that the anti- 
gen-antibody reaction was detrimental to 
the host, it was not long before certain 
differences in the 2 states were pointed 
out. For example, the quality of the 
experimental antibodies to precipitate and 
to fix complement when mixed with their 
antigens could not be shown for the 
Prausnitz-Kuestner factor. The suscepti- 
bility of the latter to heating also stood 
in contrast to the other antibodies. By 
1926 Levine and Coca* threw more doubt 


on the theory by showing, in PK (Praus- 
nitz-Kuestner) experiments with serum 
from hay fever cases, that allergic sensi- 
tizing bodies were not decreased but were 
often increased in the circulation as the 
result of Noon therapy. Thus the phe- 
nomenon of desensitization, so character- 
istic of the experimental state, was not 
to be elicited in man. Schmidt and Lip- 
pard“ later tried to reconcile the 2 schools 
by suggesting that the very increase in 
allergic antibodies might serve to bind up 
the antigen in the blood stream before it 
could reach the allergic tissues and cause 
distress. However, this theory is not con- 
vincing when one considers that atmos- 
pheric pollen contacts the eyes and nose 
before gaining entrance to the circulation. 
Although there was uncontested accep- 
tance of the idea that hay fever was due 
to the union of allergic antibodies (or 
reagins, as Coca preferred to call them) 
with pollen antigen in the tissues, the 
mechanism underlying Noon’s prevention 
of symptoms was unknown for years 
after the Prausnitz-Kuestner demonstra- 
tion. Indeed, many allergists claim that 
it is still a mystery. 

There were clues to a-possible answer, 
however, in the European literature of 
the late 20’s and early 30’s. Van Leeuwen 
and Kremer“ noted that serum from some 
mold-sensitive cases tended to reduce the 


‘response of skin allergic to this antigen. 


The following year, Jadassohn® described 
a similar neutralizing quality in ascaris- 
sensitive serum. It is of interest that: both 
these observers believed that the sensitiz- 
ing and neutralizing functions of their 
sera were properties of 1, rather than of 2, 
immune bodies. Shortly Gyérgy, Moro 
and Witebsky™ distinguished, however, 
between egg-allergic and egg-immune in- 
fants by means of the different zones of 
complement fixation shown by their sera, 
and Woringer® too referred to “deux 
sortes d’anticorps ovalbuminiques”’ in the 
blood of nurslings. 

In 1935 Cooke, Barnard, Hebald and 
Stull’ stimulated interest in the concept 
of 2 coéxisting types of antibody by 
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observing that the neutralizing quality 
was to be found only in sera of those of 
their hay fever patients who had been 
receiving treatment of the Noon variety. 
After a number of injections, a reduction 
could be found in the whealing that re- 
sulted when the patient’s serum was 
mixed with antigen and introduced into 
normal skin. To explain this reduction 
they postulated the development, during 
pollen therapy of hay fever patients, of 
an immune factor differing from reagin 
(or Prausnitz-Kuestner antibody). Be- 
cause this interference with whealing was 
noted in serum-antigen mixtures when 
tested in normal skin but not when 
injected into allergic skin, they concluded 
that the phenomenon was not due to 
combination of antigen with the new 
factor but to some other undetermined 
process. Because an antibody by defini- 
tion must react demonstrably with its 
antigen, they referred to the hypothetical 
substance as a “peculiar, blocking or 
inhibiting type of immune antibody.” 
Although Harley”? concurred that the 
Cooke factor did not bind its antigen, it 
was later shown by the author* that the 
substance was an antibody and that the 
failure of earlier investigators to detect 
its antigen-binding nature was referable 
to their use of excessive amounts of 
antigen. 

Within the next 2 years, the author® 
experimenting in Cooke’s laboratory, suc- 
ceeded in producing pollen antibodies in 
three normal volunteers. These antisera 
possessed the blocking principle described 
by Cooke but lacked all sensitizing power; 
that is, gave negative PK tests. At the 
same time, Cohen and Nelson® were inde- 
pendently producing the same immune 
body in normal sheep by means of pollen 
injections. Although it was natural to 
assume that such an antibody was formed 
by hay fever subjects, it was not until 
2 years later that a means was found to 
separate it from the coéxisting reagins 
which had confused the results of PK 
tests. By means of controlled heating, 
the writer” inactivated the reagin present 
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in the serum of treated, pollen-sensitive 
patients and then titrated the still active 
immune antibody. It was thereafter a 
simple matter to compare the antigen- 
combining quality of such heated sera 
with that of specimens taken from the 
immunized, non-allergic volunteers. No dif- 
ference could be detected between the two. 

The newly found antibody was formed 
with regularity in all subjects, whether 
allergic to the antigen or not. It bound 
and inactivated its pollen antigen, as 
demonstrated by negative urticarial re- 
sponses to pollen-serum mixtures tested 
in naturally sensitive as well as in pas- 
sively sensitized skin. } This neutralizing 
capacity was definite but limited, the 
usual skin-test reaction resulting if too 
much antigen was introduced into the 
test mixture. The antibody differed from 
reagins not only in its resistance to heat 
and in its failure to sensitize skin but also 
in the speed with which it disappeared 
from inoculated cutaneous sites. This 
latter characteristic had been touched 
upon by Langner and Kern” in their 
earlier experiments with unheated, post- 
treatment serum from pollinosis cases. 

Adequate confirmation has been made 
of the existence of these immune bodies. 
Sherman, Hampton and Cooke* found 
that such heat-resistant antibodies were 
transmitted to the offspring through the 
cord blood whereas the reaginic bodies of 
the mother were unable to pass the placen- 
tal barrier. Gelfand and Frank" noted 
the induced antibodies in their treated 
hay fever subjects with regularity, as did 
also Maunsell.*7 Whereas these investi- 
gators employed modifications of the pas- 
sive transfer technique employed by the 
writer* Scully and Rackemann® arrived 
at the same conclusion by the use of the 
older method of Cooke wherein not only 
the thermostable factor but also the un- 
heated reaginic components of the serum 
contribute to the end-points. 

Recently another procedure for measur- 
ing thermostable antibodies in human 
serum has been suggested by Hampton, 
Johnson, Alexander and Wilson.'® This 
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microprecipitin technique calls for the use 
of rabbit antipollen serum. The extent to 
which the precipitation of rabbit serum 
can be postponed by the presence of human 
thermostable antibodies serves as a meas- 
ure of the latter. Presumably, the method 
indicates the amount of antigen which is 
bound and neutralized by the human 
serum. As in the instance of the passive 
sensitization type of titration, there ap- 
pears to be a successful competition by 
the thermostable antibody for the antigen 
which is thereby prevented from uniting 
with the rabbit antibodies. In several 
reports, evidence for the presence of the 
neutralizing, heat-stable antibodies in the 
treated ragweed-sensitive patients has 
been given by this method.! 

Although Cohen and Weller® believed 
that they could distinguish post-treatment 
serum from that of the untreated patient, 
Swineford® has not been able to sub- 
stantiate their claims using the same, 
collodion particle method of agglutination. 

The existence of these 2 different types 
of antibody in man has, however, been 
observed by workers investigating other 
antigens. Lowell®.** deduced that anti- 
bodies similar to pollen-reagins accounted 
for his patient’s urticaria, bronchial con- 
striction and collapse after taking insulin, 
whereas thermostable, neutralizing factors 
were responsible for her periods of insulin- 
fastness. Similar antibodies have been 
found by the author® in a woman who 
was exquisitely allergic to insulin. As 
graduated doses of insulin gradually 
built up a high level of clinical tolerance, 
her blood and tissues gave evidence of 
acquiring neutralizing antibodies which 
proved to be heat-resistant. When ther- 
apy was interrupted, this immunity was 
lost and a small dose of insulin led to 
extreme urticarial eruption and collapse. 
Her reagins remained relatively unchanged 
throughout the period of study. In addi- 
tion to insulin, a number of other antigens 
have been noted by us to produce the 
2 varieties of immune response. Among 
these are crystalline ovalbumen, bovine 
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‘the pollen injections. 


lactalbumen, beef and: lamb, silk, and 
animal danders. 

That this dual antibody relationship is 
not confined to man has been brought out 
by Wittich*® in the case of dogs and by 
Weil and Reddin*’ for cattle. Whereas 
their animals showed spontaneous pollen 
allergy, numerous other workers have 
been able to induce the 2 varieties of 
immune body in rabbits and guinea pigs. 

The clinical réle of thermostable antibodies 
in man has proven a most difficult matter 
to determine, in spite of the strong logic 
in the idea that a factor capable of neu- 
tralizing a foreign irritant should be of 
protective value to its host. At the out- 
set of exploring this possibility, it was 
necessary to learn whether the antibodies 
were present in the tissue fluids as well as 
in the circulation; for it was not to be 
expected that immunity distant from the 
allergic portals of entry would prove of 
much worth in preventing hay fever. 
Although it was the accepted belief that 
successfully treated patients showed no 
loss of skin sensitivity, delicate threshold 
tests revealed that this was a misconcep- 
tion.2?7_ Not only in the skin but also iti 
the conjunctiva, it could be shown that 
the tolerance rose or subsided as the titer 
of thermostable antibody in the patient’s 
blood was increased by Noon’s therapy 
or was allowed to fall by discontinuing 
This relationship 
between circulating and fixed antibodies 
was confirmed by Sherman.“ The as- 
sumption that the induced antibodies 
played some réle in the patient’s protec- 
tion against the atmospheric pollen was 
strengthened decidedly by this finding. 
This assumption is, however, strongly 
contested as the following comments will 
indicate. 

When the antibody was still in the 
hypothetical stage, the Cooke group’ 
were enthusiastic about their success 
with transfusions of blood taken from 
treated cases of hay fever, and spoke of 
a “transferable protective substance.” 
Langner and Kern” noted a similar reduc- 
tion in symptoms when untreated indi- 


( 
( 
i 
t 
7 
I 
te 
T 
3] 
| is 
liz 
al 
ar 
‘is 
fre 
es 
isk 
cal 
tat 
pla 
dis 
of 
ant 
arg 
ant 
cal. 
bod 
eXal 
and 


~ 


THERAPEUTICS 563 


viduals were injected intramuscularly with 
50 cc. of serum drawn from immunized 
patients. Our own transfusions of blood 
or serum taken from highly immune, 
normal subjects who lacked the reagins 
present in earlier experiments proved to 
be promptly effective in acute hay fever.* 
Attempts to correlate the titer of thermo- 
stable antibody with the relative freedom 
from hay fever noted among groups of 
patients have, however, been less encour- 
aging. Although Maunsell*’ related sea- 
sonal resistance to the concentration of 
her patient’s antibody, neither Scully 
nor Gelfand have detected any such 
connection. Among others, Cooke® is now 
of the opinion that the thermostable 
antibodies are not the important factor 
in clinical immunity. 

These discouraging results should not, 


however, lead anyone to abandon the . 


theory of protective antibodies in allergy. 
There is no other reasonable explanation. 
It is clinically well known that the pro- 
tection resulting from injections is specific. 
This fact requires the assumption of a 
specific nature of the protective mechan- 
ism. In other words, as Coca‘ points out, 
“the protective mechanism must neutra- 
lize either the sensitizing antibody or the 
antigen.” Since the sum total of pollen 
antigen given during a course of treatment 
is sufficient to neutralize only a small 
fraction of the reagins and since it is well 
established that reagins are not dimin- 
ished by therapy, the relief of hay fever 
cannot be attributed to desensitization. 


’ This situation leaves, to continue the quo- 


tation, “only one other conceivable ex- 
planation of the phenomenon we are 
discussing: namely, that it is the result 
of the formation of neutralizing immune 
antibodies.” 

There are, in addition to such theoretical 
arguments for the existence of a protective 
antibody in hay fever, a number of practi- 
cal reasons why a correlation between anti- 
bodies and clinical control might be 
extremely difficult to demonstrate. For 
example, all investigators (except Alex- 
ander) who have attacked the problem 


have limited themselves, to date, to the 
method of passive sensitization. These 
techniques are apt to produce inconstant 
results except after long experience. Fur- 
thermore, the end-points obtained vary 
decidedly with the test subject chosen, 
and this fact has been disregarded by 
everyone. Scully neglected to remove a 
variable from her studies when she titrated 
her sera in the unheated state. In con- 
trast, Maunsell was dealing with thermo- 
stable components only when she deter- 
mined the pollen-binding power of her 
patient’s serum by means of tests in his 
own skin. We found this “auto-transfer” 
method very satisfactory some years ago.” 
The influence of the “test-subject” under 
such circumstances would not be expected 
to confuse the issue in the manner of a 
borrowed test-subject, since any host fac- 
tors affecting the serologic titration would 
likewise probably be reflected in the clini- 
cal outcome. 

Another, less important, variable in the 
serologic technics is the factor of ageing 
of the test-antigens. This has not been 
given adequate attention. 

Far more significant than these vari- 
ables are others referable to the patient 
himself. Neither the external environ- 
ment (with reference to atmospheric pol- 
len and many other influential factors) 
nor the internal environment (including 
the concentration of reagins, and innumer- 
able physical and mental factors contribut- 
ing to the end-result in hay fever) can be 
held to be alike in any 2 patients. Just 
as there is a range of reactions in most 
biologic mechanisms, such as the response 
to drugs, hormones like insulin, antiserum 
and a host of other agents, so also one 
would anticipate that 2 individuals with 
identical amounts of thermostable anti- 
body might show somewhat different 
behavior during the pollinating season. 

With this biologic variation in mind, 
we sought to reduce the complexity of 
the situation by concentrating on the 
individual rather than on groups as had 
been the case with other investigators 
seeking correlation between serologic and 
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clinical immunities. Among 52 patients 
observed for a number of years, it was 
found?® that a tendency was present for 
symptoms to be milder when the blood 
titer was high than when it was lower. 
Further simplification has been attained 
by replacing the serologic procedure with 
direct conjunctival testing of the patient. 
The undesired influence of the borrowed 
test-subject was thereby replaced by the 
desired effect of native host factors on the 
outcome of the titration. As anticipated, 
the level of conjunctival response which 
was associated with optimal clinical pro- 
tection was found to vary with the indi- 
vidual, but these differences were not as 
great as those encountered in passive sen- 
sitization procedures. By thus reducing 
the variables in the test, it became evident, 
even in making comparisons among a 
group, that the higher conjunctival thres- 
olds of 95 subjects were usually associated 
with the better clinical results.* The 
correlation was not sufficiently close, how- 
ever, to permit of accurate predictions in 
advance of the season of pollination in 
the instance of newly acquired patients. 
Once the conjunctival threshold for a 
given individual had been determined in 
relation to a successful season, it could 
be used as a satisfactory index to future 
immunization. We are continuing to ac- 
cumulate this type of ophthalmic and 
clinical data with a view to making 
statistical analysis of groups segregated 
according to underlying sensitivity. At 
present there is adequate population in 
only 1 class of sensitiveness, that of pa- 
tients whose eyes respond to small test- 
doses of antigen (after they have been 
given a respite from injections for at 
least 10 months). Among 77 such equally 
allergic subjects, a tendency has been 
noted for the median hay fever hours to 
be progressively fewer as the conjunc- 
tival thresholds were found higher after 
therapy. By segregating cases in this 
way, it should prove possible to minimize 
the influence of at least 1 of the biologic 
variables—that of sensitizing antibodies— 
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and thereby to increase the significance 
of group studies. 

When more controlled means of testing 
the relationship between conjunctival re- 
activity and clinical susceptibility are 
evolved, it may well be found that the 
tolerance of the eye reflects the general 
immune status of the patient with con- 
siderably more reliability than can now 
be claimed. The basis for this statement 
is our experience with the eye test as a 
guide to the tolerance for injected antigen. 
For the past 5 years, it has been our prac- 
tice to give each patient as much pollen 
antigen as he could take at every visit. 
Recent comparisons between the speed of 
therapy and the degree of ophthalmic sen- 
sitivity noted prior to the course have 
revealed a relationship between the 2. 
Although a range of speeds has been toler- 
ated by the various members of each eye 
test group, the median values reveal a 
steady improvement in the capacity to 
take antigen as the conjunctival sensitivity 
preceding the course is lower. By referring 
to a curve constructed for each conjunc- 
tival class of initial sensitiveness, it is 
now possible to see what proportion of 
patients with a given degree of allergy 
have tolerated different paces of im- 
munization. It is our custom to start a 
new patient on that booster schedule 
which has been safely taken by three- 


‘ quarters of the patients in his eye class. 


This demonstrated correlation between 
the conjunctival and the systemic suscep- 
tibility makes it likely that a similar con- 
nection may eventually be found to exist 
between the eye classification at the end 
of treatment and the patient’s behavior 
toward atmospheric pollen. A_ testing 
chamber with controlled pollen atmos- 
phere would aid in the exploration of this 
prospect. 

The attempts of Alexander! to find a 
relationship between thermostable anti- 
bodies and clinical relief were at first fruit- 
ful and later discouraging. Some of the 
difficulties enumerated above for the bio- 
logic methods of titration were also present 
in his studies. He did, however, exclude 
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the test-subject variable by using the 
Hampton precipitin technique. 

Practical contributions to medicine have 
come out of the preceding theoretical in- 
vestigations on the immunology of allergy. 
One of these is the short, or “booster,’’ 
pre-seasonal treatment. The clue to this 
was found during the production of pollen- 
neutralizing antibodies in normal volun- 
teers. In order to learn whether the 
phenomenon of the so-called anamnestic 
response could be elicited, the subject was 
allowed a period of rest for some months 
and then stimulated with a large dose of 
antigen given in a short period. When 
an acceleration and heightening of anti- 
body production resulted, it was decided 
to apply the principle with caution to the 
hay fever patient. After their initial 
therapy and an ensuing rest period, these 
subjects were able to take much faster 
courses than at first, and produced anti- 
body more rapidly and more vigorously.*° 

By utilizing this “booster” principle 
and limiting the seasonal dose to that 
amount of antigen which would raise the 
eye response to a level known to be asso- 
ciated with clinical immunity, it has been 
found* that most individuals need far less 
therapy than is customarily given. In- 
deed, the average patient can be given 
his optimal result in as few as 7 or 8 injec- 
tions and with as little as 0.1 mg. of 
“protein” nitrogen. The safety of such 
intensive therapy may be insured by 
adjusting the rate of increase in dosage 
to the tolerance of the individual, as 
judged by initial eye test and observation 
of the localized responses to each injection. 

This year, a means of still further cur- 
tailing the treatment of hay fever has 
been tried in our laboratory. It is a 
procedure borrowed from experimental 
immunologists, who for many years have 
sought to improve the immune responses 
of animals by including various adjuvant 
substances in their antigeni¢ solutions. 
Allergists, too, have sought for synergistic 
effects from such substances as gelatin, 
alum, tannic acid precipitation of the 
excitant, and admixture of their allergens 
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with oil. Recently a very successful ad- 
juvant procedure has been described by 
This consists of emulsifying 
the aqueous antigen with mineral oil con- 
taining killed acid-fast bacilli and a 
lanolin-like substance, Falba or Aquaphor. 
Antibody responses to such emulsions are 
strikingly heightened and prolonged, even 
in some instances where the tubercle 
bacilli or acid-fast organisms are omitted. 
Whereas Freund employed such antigens 
as horse serum, typhoid bacilli and toxoid 
as antigens, Friedewald had equal suc- 
cess in his animals with the use of influenza 
vaccine. Omission of the acid-fast bacilli 
diminished the synergistic effect. Kulka 
and Hirsch* noted that the incorporation 
of ragweed pollen extract into Aquaphor 
and paraffin containing killed tubercle 
bacilli led to high and persistent antibody 
production as well as to marked sensitivity 
in rabbits and guinea pigs. Henle and 
Henle” are the first to have published on 
the use of this adjuvant method in man. 
Vaccination of 80 women with influenza A 
and B antigens, in an emulsion of mineral 
oil and Falba, produced higher and more 
sustained titers than were found among 
the control group given aqueous vaccine. 
Halbert, Mudd and Smolens!’ had notable 
success with Shigella antigen in mineral 
oil and Falba, and concluded that the 
presence of acid-fast bacilli was not an 
important factor in the effectiveness of 
the menstruum. In additional laboratory 
experiments with this simplified form of 
the adjuvant, these investigators’ were 
able to reduce decidedly the acute toxicity 
of such substances as ricin, botulinus and 
tetanus toxins. They have not yet pub- 
lished their results with the use of simpli- 
fied adjuvant in 70 human subjects. 
These observations have stimulated the 
author to test the efficacy of the simplified 
adjuvant mixture in pollen-allergic pa- 
tients. Accordingly, 14 patients were 
given their booster stimuli in the form of 
1 injection containing from 200 to 2000 
units of ragweed antigen emulsified in 
Falba and mineral oil; 18 others took 
600 to 7250 units in 2 such subcutaneous 
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treatments, a few days or weeks apart. 
One individual was administered his usual 
dose of 11,000 units in 4 visits. The 
volume of each injestion was between 0.1 
and 0.3 ml. of the emulsion. 

In keeping with the reduction in toxicity 
noted by Halbert, there were remarkably 
few untoward reactions to these doses, 
which ranged in size from 2- to 20-fold 
the amount previously tolerated by the 
patient in aqueous’‘form. Whereas, only 


4 mild systemic responses occurred in con- ° 


nection with the first 33 treatments, more 
difficulty was encountered after the 19 
second inoculations which elicited 2 slight, 
1 moderate and 1 severe overdose reaction. 
These doses were larger than the initial 
ones given the same individuals by 23- 
to 6-fold. The limits of safety of the 
procedure were thus exposed. In all, 9 
untoward responses were encountered 
among 54 adjuvant doses given our 33 
subjects. All but 2 were of mild nature. 

The immunologic responses to adjuvant 
antigen were gauged by the usual thresh- 
old tests of the conjunctiva, comparisons 
being drawn with similar data for past 
seasons when total preseasonal doses of 
10,000 units or more had been adminis- 
tered in aqueous form. Whereas these 
past courses had improved the ophthalmic 
tolerances by ratios ranging from 1 to 32 
with a median value of 4, the adjuvant 
courses have increased the reaction level 
of the eye by about twice these amounts, 
the range being 2 to 64 and the median 
ratio being 8. 

The clinical efficacy of this new form of 
immunization can be gauged now that the 
current season of ragweed pollination is 
over. Among the 31 members of the adju- 
vant group whose clinical data are up to 
date, 13 give a history of having gained 
almost complete relief from their original 
symptoms. This figure is to be compared 


with 10, the number of excellent results 
recorded by them in an earlier year. A 
loss of at least three-fourths of their hay 
fever has been noted by another 8 of the 
subjects, which is identical with the num- 
ber claiming this degree of success for a 
prior season. Fair responses (loss of 50 
to 70% of original symptoms) were re- 
ported by 5 of the series whereas 9 of them 
had given a similar estimate for a preced- 
ing course. Poor outcomes, with less than 
half of the hay fever abolished, were de- 
scribed by 5 of the 31 individuals. Three 
of these had failed to procure relief after 
usual therapy. Moreover, our‘pollen‘count 
was 1807 in 1947, compared to 1332 in 
1946 and an 18-year mean of 1109. ~ 

On the whole, it would appear that the 
clinical efficacy of the abbreviated therapy 
in adjuvant form compares favorably with 
that of more protracted courses calling 
for aqueous antigen. There has been no 
localized discomfort or abscess formation, 
as encountered in 2 of Henle’s 80 patients. 
The incidence of untoward reaction can 
doubtless be reduced during future trials. 

It should be emphasized in closing that 
this form of adjuvant therapy is in its 
developmental stages and is under no cir- 
cumstances ready for application to office 
practice. Only by virtue of our intimate 
acquaintance with each patient’s tolerance 
was it justifiable to administer the amounts 
of antigen specified above. The investi- 
gation is mentioned because of its interest- 
ing implications for the future manage- 
ment of allergic diseases and particularly 


because of its bearing on the theory of | 


protection. This ‘further demonstration 
that an immunologic procedure can bring 
about a clinical insusceptibility which is 
associated with the production of specific, 
neutralizing antibodies makes the concept 
of a protective réle for these bodies still 
more valid. 
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RHEUMATOID SPONDYLITIS 


By Davin G. 


Tue work of recent investigators! ?>.® 
913-15 has greatly increased knowledge of 
rheumatoid spondylitis and has resulted 
in the establishment of criteria for the early 
diagnosis. The purpose of this review is 
to emphasize these criteria. For those 
who are interested in the clinical aspect 
of the subject the works of Polley,* Boland 
and Present,! Boland and Shebesta,? Polley 
and Slocumb,” Hench, Slocumb and Pol- 
ley,? and Dunham and Kautz) are espe- 
cially recommended. 

The diagnosis of early rheumatoid spon- 
dylitis reflects progress in radiology since 
roentgenologie observations often contrib- 
ute important information which may lead 
to the diagnosis being made before the 
symptoms are conspicuous and it is not 
infrequent that the roentgenologic diagno- 
sis of early rheumatoid spondylitis is made 
before that condition has been suspected 
clinically. Clinicians who are especially 


interested in this disease can recognize it - 


by the symptoms alone very quickly, but 
physicians who are not so well acquainted 
with it not infrequently fail to recognize 
the indefinite symptoms of early rheuma- 
toid spondylitis. Therefore the roentgen- 
ologist can be of great service by recogniz- 
ing the early roentgenologic manifestations 
of the disease and suggesting the presence 
of that condition to the clinician. 
Confusion in terminology has led to 
misunderstanding with regard to rheuma- 
toid spondylitis. There are not many 
types of arthritis of the spinal column. 
Hypertrophic arthritis or osteo-arthritis of 
the spinal column is not the result of infec- 
tion or inflammation but merely of wear 
and tear. Infectious arthritis due to cer- 


Puan, M.D. 


tain specific infections is usually localized 
to a few segments of the spinal column; 
the infections include tuberculosis, brucel- 
losis, typhoid and pyogenic infections. 
Tabetic arthropathy falls in a special cate- 
gory. Rheumatoid spondylitis is the only 
other true arthritic process affecting the 
spinal column and it is the only one, aside 
from osteo-arthritis, which may affect the 
entire spinal column. The use of numer- 
ous synonyms has led to considerable 
confusion. Polley has assembled the fol- 
lowing synonyms for rheumatoid spondyli- 
tis: (1) spondylitis ankylopoietica (Fraen- 
kel); (2) spondylitis ossificans ligamentosa 
(Knaggs); (3) spondylitis rhizomelique 
(Marie); (4) spondylarthritis ankylopoi; 
etica; (5) spondylitis ankyloarthritica- 
(6) spondylitis adolescens (Scott); (7) 
vertebral type of arthritis deformans 
(Osler); (8) spondylitis deformans (com- 
mon term in England); (9) ankylosing 
polyarthritis (Oppel); (10) fibrositis an- 
kylopoietica dorsi (Krebs); (11) syndes- 
mitis ossificans; (12) spondylitis atrophica 
ligamentosa; (13) Marie-Striimpell’s dis- 
ease; and (14) von Bechterew’s disease. 
Naturally the use of so many different 
terms has not aided in clarifying the sub- 
ject. The early investigators did not have 
the advantage of roentgenologic observa- 
tions and, therefore, their understanding 
of the disease was necessarily the more 
incomplete. This applies especially to the 
former belief that there were 2 types of 
rheumatoid spondylitis: the Marie-Striim- 
pell type that was supposed always to 
begin in the lumbar region, and the 
von Bechterew type which was supposed 
to start in the thoracic region. There is 
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no reason to divide rheumatoid spondyl- 
itis inte 2 types. According to most 
observers the disease almost always starts 
in the sacro-iliac joints and the lumbar 
apophyseal joints and then progresses 
upward. Only rarely is the thoracic por- 
tion of the spinal column involved when 
the sacro-iliac joints and lumbar portion 
are not involved also. In an endeavor to 
clarify the situation the American Rheu- 
matism Association has adopted the term 
“rheumatoid spondylitis;” the use of that 
term by all investigators is most earnestly 
recommended. 

Hench, Slocumb and Polley® have de- 
fined rheumatoid spondylitis as an in- 
flammatory disease of unknown origin 
which generally begins in the sacro-iliac 
joints and progressively involves the 
apophyseal joints of the spinal column, 
the paravertebral muscles and ligaments 
and the costovertebral and costochondral 
junctions. Inflammation, destruction and, 
as a rule, ankylosis of the sacro-iliac joints 
occur. Synovitis with destructive arthri- 
tis of the apophyseal joints is followed by 
ankylosis. Painful spasms and contrac- 
tures of the paravertebral muscles occur. 
Calcification of the paravertebral liga- 
ments is seen. Sometimes the hips and, 
less often, other joints of the extremities 
are involved. The shoulders are affected 
only occasionally. Hence rheumatoid 
spondylitis is chiefly a disease of the spinal 
column or torso. 

As the term “rheumatoid spondylitis” 
implies, this condition is thought by many 
to be related to rheumatoid arthritis. 
This relationship has not been definitely 
established and it is still the subject of 
considerable controversy. The arguments 
favoring and opposing this concept have 
been summarized by Hench, Slocumb and 
Polley.* In opposition to the concept are 
the following points: (1) The sex inci- 
dence of the 2 diseases is different. Rheu- 
matoid arthritis is 2 or 3 times more fre- 
quent in women than in men. Rheuma- 
toid spondylitis is 9 times more frequent 
in men than in women. (2) The age inci- 
dence also is different. Rheumatoid 
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arthritis develops most frequently in per- 
sons who are between the ages of 25 and 
40 years. Rheumatoid spondylitis devel- 
ops usually in persons who are between 
15 and 30 years of age. (3) Calcification 
of ligaments is rare in rheumatoid arthritis 
and common in rheumatoid spondylitis. 
(4) Subchondral rarefaction occurs in 
rheumatoid arthritis whereas subchondral 
osteitis is seen in rheumatoid spondylitis. 
(5) Subcutaneous fibrous nodules are 
found in rheumatoid arthritis but not in 
rbeumatoid spondylitis. (6) Iritis is 2 or 
3 times more common in rheumatoid 
spondylitis than in rheumatoid arthritis. 
(7) The concentration of agglutinins of 
hemolytic streptococci in the blood is 
lower and that of plasma phosphatase is 
increased more often in rheumatoid spon- 
dylitis than in rheumatoid arthritis. (8) 
More or less complete remissions are more 
common in rheumatoid spondylitis than 
in rheumatoid arthritis. (9) Chrysother- 
apy is effective in a considerable per- 
centage of the cases of rheumatoid arthritis 
but is of no value in rheumatoid spondyli- 
tis. (10) Roentgen therapy is of value 
in rheumatoid spondylitis but is not useful 
in the treatment of rheumatoid arthritis. 

Favoring the concept that rheumatoid 
spondylitis is the spinal equivalent of 
rheumatoid arthritis are the following 
points: (1) In cases of rheumatoid 
spondylitis arthritis of peripheral joints 
sometimes develops which is clinically in- 
distinguishable from peripheral rheuma- 
toid arthritis without spondylitis. (2) 
The pathologic reactions in the affected 
hips and peripheral joints of rheumatoid 
spondylitis are identical with those of 
rheumatoid arthritis without spondylitis. 
(3) In certain cases in which peripheral 
joints are affected first, classic rheumatoid 
spondylitis later develops. (4) The pa- 
thologic reactions in the vertebral apo- 
physeal joints of patients who have 
rheumatoid spondylitis are said to resem- 
ble those of classic rheumatoid arthritis 
without spondylitis. 

The pathologic processes that are pres- 
ent in rheumatoid spondylitis have been 
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studied histologically insofar as affected 
apophyseal joints of the spinal column 
and involved peripheral joints are con- 
cerned. As yet pathologic studies of the 
sacro-iliac joints in the active stage of 
the disease have not been reported; the 
only ones reported have been made in the 
late stage after ankylosis has occurred. 
Specimens taken from affected apophyseal 
spinal and peripheral joints in cases of 
rheumatoid spondylitis have shown the 
changes identical with those seen in rheu- 
matoid arthritis without spondylitis.?"™ 
According to Dunham and Kautz,* Guntz 
found that in the apophyseal joints of 
the spinal column in the early stages of 
the disease there was inflammation of the 
joint surfaces with exudation, invasion of 
the cartilage with round cells and pro- 
duction of connective tissue. After further 
progress of the disease only islands of 
cartilage remained and finally ankylosis 
occurred. Early in the disease all of the 
apophyseal joints of the spinal column 
were not involved but the process was 
never limited to 1 or 2 joints. He found 
the same pathologic process in the costo- 
vertebral joints. According to Boland 
and Shebesta,? J. E. Flynn stated that 
pathologic specimens taken from apophy- 
seal joints during the active phase of 
rheumatoid spondylitis revealed micro- 
scopic findings similar to those seen in 
peripheral rheumatoid arthritis. 
Rheumatoid spondylitis may occur in 
persons of any age according to Polley 
and Slocumb.™ Their youngest patient 
was 4 years of age and the oldest 63 years 
of age. They found the average age of 
onset to be 26.7 years. In 80% of their 
cases the symptoms first appeared when 
the patients were between 15 and 35 years 
of age. Men were affected 9 times more 
frequently than women. Thus it is obvi- 
ous that rheumatoid spondylitis is a 
disease that affects young men predomi- 
nantly. The importance of this is shown 
by the observation of Boland and Present! 
that 18% of the patients with chronic 
back complaints who were admitted to an 
army general hospital were found to have 
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rheumatoid spondylitis. They also noted 
that, although in civilian life the ratio of 
rheumatoid spondylitis to rheumatoid 
arthritis is 1/6, according to the best 
figures, in the Army the relative incidence 
was 1/3 or 1/2. This they attributed to 
the fact that rheumatoid spondylitis has 
a predilection for men of military age 
and that strenuous physical exertion 
brought to light cases of mild or early 
rheumatoid spondylitis, including many 
cases in which the disease was present 
before the patient was inducted into the 
Army but was not recognized. 
Far-advanced rheumatoid spondylitis 
can be recognized with ease but when the 
disease is this extensive it does little good 
to make the diagnosis, since little can be 
done in the way of treatment. The diag- 
nosis must be made early in the course 
of the disease if benefit is to be expected 
from treatment. Many of the early 
symptoms are vague and indefinite, but 
a few may be objective. The unwary 
physician may easily overlook the true 
nature of the condition. Boland and 
Present! noted that in many cases the 
condition was mislabeled as lumbago, 
fibrositis, muscular rheumatism, chronic 
low back strain, renal disease or idiopathic 
sciatica. Krebs found that because defi- 
nite objective findings are absent early 
in the disease, patients were often con- 
sidered malingerers or neurotic. Polley“ 
found that in 41 of the 1035 cases he 
studied operation had been performed at 
one time or another because the symptoms 
were not recognized as those of early 
rheumatoid spondylitis but were attrib- 
uted to some condition requiring an opera- 
tion. The surgical procedures that he 
listed are most interesting and reveal the 
deceiving nature of rheumatoid spondyli- 
tis. They were: operations for protruded 
intervertebral disks; spinal fusions; lamin- 
ectomy; biopsy of hip for suspected 
tuberculosis; synovectomy of knee and 
ankle; surgical drainage of the knees; 
arthrodesis of foot and ankle; removal of 
piece of bone from foot; abdominal fasci- 
ectomy to correct posture; fasciotomy of 
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hips; removal of calcaneal burse bilater- 
ally; removal of bilateral calcaneal spurs; 
appendectomy; appendectomy and chol- 
ecystectomy; hysterectomy and appen- 
dectomy ; cholecystectomy ; thyroidectomy ; 
cholecystectomy and tonsillectomy; repair 
of right inguinal hernia; appendectomy, 
salpingectomy and oéphorectomy; hyster- 
ectomy and odphorectomy. Almost none 
of the patients received any benefit as 
result of the operation. Polley also 
found that in 10% of his cases some 
anomaly of the spinal column was present 
such as sacralization of the last lumbar 
vertebra, spina bifida occulta, spondyl- 
olisthesis, cervical rib or anomalies of the 
sacrum and coccyx. In some cases these 
anomalies probably were considered the 
cause of the symptoms that were present. 

It is obvious, therefore, that the early 
symptoms of rheumatoid spondylitis are 
often misleading and that a review of 
these symptoms and the methods of early 
diagnosis are warranted. Especially is it 
pertinent that this disease be discussed 
more frequently at present, as the opera- 
tion for the removal of the protruded 
intervertebral disk has become a frequent 
remedy for the relief of low backache and 
sciatica and rheumatoid spondylitis may 
mimic the syndrome of protruded inter- 
vertebral disk. 

Tse Dracnosis or EARLY RHEUMATOID 
Sponpyitis. The diagnosis of early rheu- 
matoid spondylitis is not too difficult, as 
a rule, if that condition is thought of and 
considered as a cause of the patient’s 
symptoms. But all too frequently rheu- 
matoid spondylitis is not even considered. 
For this reason the early symptoms of 


this condition must become more widely ° 


known by physicians. Boland and She- 
besta® have ably described these symptoms: 


“Because the disease almost invariably 
begins in the sacro-iliac joints, the symptoms 
and findings referable to the lower back at 
onset may be considered as expressions of 
sacro-iliac involvement. In approximately 
75% of cases the early symptoms consist of 
aching and stiffness of the lower back, which 
qualitatively exhibit the characteristics of 
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‘fibrositis,’ that is, are most pronounced 
on arising in the morning, are accentuated 
by physical inactivity and ameliorated by 
mild exercise, are subject to fluctuations 
with weather changes, and are relieved 
temporarily by local heat and salicylates. 
At first, these symptoms may be inter- 
mittent, but after several months or a few 
years they tend to become persistent. 
Transient sharp pains or ‘catches’ in the 
lower back or less well-defined complaints, 
as constant dull discomfort, a soreness, or a 
tired feeling (accompanied or unaccompanied 
by symptoms of ‘fibrositis’) may also indi- 
cate sacro-iliac involvement. In 10 to 15% 
of cases sciatica, often intermittent and 
alternating from side to side, accompanies 
the phase of sacroiliitis. 

“The back may be entirely normal on 
examination. In about 50% of patients 
with active sacroiliitis, tenderness on percus- 
sion may be elicited over 1 or both sacro- 
iliac joints. Orthopedic tests causing motion 
in the sacro-iliac joints may induce pain. 
Mild muscle spasm in the lumbar region 
without true restriction of motion is common. 

. When the disease is active in 
the lumbar, thoracic and cervical regions, 
the dominant symptoms consist of pain, 
aching, stiffness, and restriction of motion 
in the involved regions. Sciatica is common 
with lumbar involvement, girdle pains are 
frequent when the thoracic spine is affected, 
but cervical radicular pain is rare. Lumbar, 
thoracic, or cervical involvement may be 
identified by the presence of the following 
general signs in the respective regions of the 
back: limitation of motion; persistent para- 
vertebral muscle spasm; persistent tender- 
ness to percussion over and just lateral to 
the spinous processes; pain on forced motion 
of the spine; paravertebral muscle atrophy. 
Involvement of the lumbar spine is further 
characterized by straightening of the normal 
lordotic curve and by muscle atrophy in the 
lower portion of the lumbar segment, giving 
this area an ‘ironed-out’ appearance. Tho- 
racic involvement may be further identified 
by chest pain on deep inspiration, restricted 
respiratory excursion, flattened anterior 
chest, and thoracic kyphosis. A character- 
istic protruded position of the neck may 
develop when the cervical spine is involved.’ 


Polley* emphasized the tendency for 
exacerbations and remissions as well as 
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the shifting character of the early symp- 
toms of rheumatoid spondylitis. He 
further noted that sciatica was the first 
symptom in 10% of cases and that in 
10% more it developed later in the course 
of the disease. This is of great importance 
since physicians often make the diagnosis 
of protruded intervertebral disk when 
sciatic pain is present. Polley also found 
that in 23.4% of his cases the first symp- 
toms indicated disease of the peripheral 
joints and these tended to disappear with- 
out any apparent residual damage to the 
joint. 

The sedimentation rate is a helpful 
laboratory test. It is in no way specific, 
but if the rate is abnormally high it does 
indicate that the patient’s symptoms are 
not psychogenic and that an active patho- 
logic process is present. Boland and 
Shebesta? have made it clear, however, 
that although the sedimentation rate 
fairly consistently gauges the activity of 
rheumatoid spondylitis and roughly par- 
allels the severity of the disease, in 15 to 
20% of cases of mild but clinically active 
rheumatoid spondylitis it is normal. Pol- 
ley and Slocumb® also found the sedi- 
mentation rate normal in nearly a fifth 
of their cases. Therefore it must be kept 
in mind that although an abnormally high 
sedimentation rate may be evidence in 
favor of rheumatoid spondylitis, a normal 
sedimentation rate does not exclude that 
disease. Patients who have rheumatoid 
spondylitis often have moderately severe, 
hypochromie anemia, but this is not of 
much importance in diagnosis. 

Roentgenologic Diagnosis. Roentgeno- 
logic manifestations are of prime impor- 
tance in the diagnosis of early rheumatoid 
spondylitis. The roentgenologist’s help 
in the diagnosis of this disease may be in 
1 of 2 ways: He may suggest the presence 
of rheumatoid spondylitis in cases in which 
that condition is not suspected clinically. 
This occurs not infrequently and is of 
inestimable value to the clinician. Secon- 
darily, he can confirm the clinical impres- 
sion that rheumatoid spondylitis is present. 
Without confirmation by roentgenologists, 


* genologically were involved. 


many clinicians are reluctant to make a 
definite diagnosis of rheumatoid spondyli- 
tis but prefer to watch the patient closely 
until roentgenologic evidence of the con- 
dition is present. As mentioned previ- 
ously, however, those who have had great 
clinical experience with this disease at 
times can make an accurate diagnosis 
before changes are apparent in the roent- 
genograms. 

The roentgenologic diagnosis of early 
rheumatoid spondylitis depends primarily 
on changes that are seen in the sacro-iliac 
joints. The importance of the destructive 
changes seen in the sacro-iliac joints was 
first emphasized by Krebs," Krebs and 
Vontz,” and Scott,!* and later verified by 
Forestier.6 Other 
have concurred recently in the belief that 
the changes in the sacro-iliac joints are 
the most important roentgenologic mani- 
festations of the disease. Hench, Slocumb 
and Polley® stated: “The most useful 
single laboratory aid in the diagnosis of 
rheumatoid spondylitis consists in roent- 
genographic examination of sacro-iliac 
joints. Although there is an appreciable 
lag between the development of physical 
findings and roentgenographic alterations, 
this lag is generally more than counter- 
balanced by the patient’s tardiness in 
consulting a physician. Hence, even in 
fairly early cases roentgenograms gener- 
ally already reveal sacro-iliac alterations.”’ 

In 1934, Scott'* found that in 110 cases 
of rheumatoid spondylitis roentgenologic 
evidence of sacro-iliac involvement was 
present in all. Polley found that in 


98 % of 1035 cases of rheumatoid spondyl- 


itis the sacro-iliac joints as shown roent- 
Similarly 
Boland and Present! found that sacro-iliac 
changes had occurred in all of the 100 cases 
that they studied. They even hesitated 
to make a clinical diagnosis of rheumatoid 
spondylitis if the sacro-iliac joints ap- 
peared normal. Forestier found that 
there was no demonstrable sacro-iliac 
involvement in only 2 of 135 cases, whereas 
in 12 cases changes in the sacro-iliac joints 
were not associated with roentgenologic 
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evidence of vertebral involvement. Cases 
were reported by Buckley* and Gordon? 
in which there was no roentgenologic 
evidence of sacro-iliac disease. Key and 
associates’ studied the bones of 2 patients 
with rheumatoid spondylitis who died and 
who had vertebral involvement but who 
had no changes in the sacro-iliac joints. 
Oppenheimer” and Borak,’ although recog- 
nizing that changes in the sacro-iliac joints 
were frequent, stated that the diagnosis 
must be based on roentgenologic evidence 
of alteration in the vertebral apophyseal 
joints. 

Most investigators have found that the 
roentgenologic demonstration of disease 
of the apophyseal joints of the spinal 
column is difficult and not reliable as a 
basis for the diagnosis of early rheumatoid 
spondylitis. The apophyseal joints must 
be studied by means of roentgenographic 
views taken at special angles and since 
the plane of the apophyseal joints varies 
greatly, it is often necessary to take 
several views at different angles. Oppen- 
heimer,* who has contributed much to 
our knowledge of changes in the apophy- 
seal joints, mentioned the difficulty of 
demonstrating these changes roentgeno- 
logically. Boland and Shebesta? found 
changes in the apophyseal joints in only 
9 of their 50 cases, and Boland and Present! 
never found the apophyseal joints involved 
unless the sacro-iliac joints were affected 
also. If the roentgenologist is to find 
evidence of rheumatoid spondylitis in 
patients in whom this disease is not sus- 
pected clinically, he must do this by means 
of routine roentgenographic views and, 
therefore, he most certainly must depend 
on the changes in the sacro-iliac joints 
rather than those in the apophyseal joints. 

The earliest changes of rheumatoid 
spondylitis that occur in the sacro-iliac 
joints are not always easy to recognize in 
the roentgenogram. These do not consist 
of marginal sclerosis, as some investigators 
have stated, but instead, as Forestier 
noted, the contour of the subchondral 
bone of the sacro-iliac joint becomes in- 
distinct and hazy; the joint loses its clear- 


cut margins and becomes indistinct. This 
marginal decalcification causes the joint 
to appear widened. Somewhat later 
sclerosis begins to appear at the margins 
of the joints. This osteosclerosis may be 
spotty and mottled and at this stage the 
margins of the joint are even more indis- 
tinct. The process gradually progresses 
until there is loss of the joint space and 
fibers of bone are seen growing across this 
space. These osseous fibers are the first 
evidence that ankylosis is developing 
and this process progresses until ulti- 
mately there is smooth bony ankylosis of 
the joints. If the diagnosis of rheumatoid 
spondylitis is to be made early in the 
course of the disease, the roentgenologist 
must search carefully for those early 
manifestations of the disease which con- 
sist of decalcification at the margins of the 
joint with resultant indistinct outlines of 
the joint. A moderate degree of marginal 
sclerosis occurs fairly early many times 
but dense sclerosis of the bone and ankylo- 
sis are late manifestations of the disease. 
At times only 1 sacro-iliac joint will show 
evidence of disease; Polley noted this 
unilaterality in 6 of his 1035 cases. 
Roentgenologic evidence of vertebral 
involvement almost always appears much 
later than that of sacro-iliac involvement. 
In routine lateral roentgenologic views the 
first apparent change in the vertebre 
indicative of rheumatoid spondylitis is a 
peculiar “squaring-off” of the vertebral 
bodies. This change usually is evident in 
the thoracolumbar region first and it is 
due to fine calcification of the anterior 
longitudinal ligament which causes a fill- 
ing in of normally concave anterior 
vertebral surfaces and “squares off” the 
anterior vertebral angles. Later in the 
course of the disease calcification of the 
vertebral ligaments is more obvious and 
appears in the roentgenogram as fine lines 
of calcification which cross from the mar- 
gin of one vertebral body to the next. 
At first this process can be seen only in 
1 or 2 interspaces, usually in the lumbar 
region. Later the ligamentous calcifica- 
tion becomes dense and more extensive 
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and gradually involves all the vertebral 
ligaments until the entire spinal column 
is involved. The end-result is the so- 
called bamboo spine. 

Although involvement of the apophy- 
seal joints of the spinal column occurs 
earlier than vertebral calcification, changes 
in them are more difficult to see when 
routine views are used and as stated 
before, even when views taken at special 
angles are used the alteration in these 
joints still cannot be seen many times. 
The earliest change in these joints is 
decalcification of the articular surfaces 
which then appear indistinct in the roent- 
genogram. Marginal osteosclerosis can 
be seen at times and this process may 
progress to ankylosis, as in the sacro-iliac 
joints. Osteoporosis of the vertebre is 
almost always seen after the spinal column 
has begun to be immobilized, but this is 
not an early manifestation of the disease. 
The intervertebral disks are not involved 
early but at times very late in the course 
of the disease there may be involvement 
of an occasional interspace; the vertebral 
surfaces become irregular and indistinct. 
Also as a late manifestation the costo- 
vertebral articulations may be involved 
and ankylosis is the end-result. The 
symphysis pubis may be affected and not 
infrequently the ischial tuberosity will 
show irregularity and bony proliferation. 


This last change is probably the result of | 


involvement of the adjacent ischial bursze 
by the inflammatory process. . 

Occasionally definite roentgenologic evi- 
dence indicates that the disease has 
affected 1 or both hips. The appearance 
is identical with that caused by rheuma- 
toid arthritis with narrowing of the joint 
space and decalcification and indistinct- 
ness of the articular surface. In a few 
cases other peripheral joints will show 
similar roentgenologic evidence of involve- 
ment. 

Differential Diagnosis. Changes in the 
spinal column due to hypertrophic arthri- 
tis, so-called osteo-arthritis, can be dis- 
tinguished from those of rheumatoid 
spondylitis with ease as a rule. As 
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Forestier® has noted, osteophytes have a 
thick base, are covered with a cortex which 
comes from that of the vertebral body 
and have a structure of cancellous bone like 
the vertebral body itself. The syndesmo- 
phytes of rheumatoid spondylitis are 
clear-cut, linear calcifications without a 
cortex and look like a thin or thick comma 
added to the contour of the vertebral body. 
Dunham and Kautz’ listed the following 
characteristics of osteo-arthritis: (1) it 
occurs after the 4th decade of life in 80% 
of cases; (2) the sedimentation rate is not 
elevated; (3) fever and leukocytosis are 
uncommon; (4) degeneration of the inter- 
vertebral disks is present; (5) osteophytes, 
but no syndesmophytes are present; (6) 
wedging of the vertebral bodies occurs; 
(7) there may be true bony bridging 
between vertebral bodies; (8) occasionally 
there is coarse calcification on the ante- 
rior surface of the vertebral column in 
the thoracic region. Destructive changes 
never are seen in the sacro-iliac joints in 
this condition. Ankylosis of the sacro- 
iliac joints are found not infrequently as 
a senile change but not as the result of 
infection. Hypertrophic changes are sel- 
dom seen in the sacro-iliac joints except as 
the result of abnormal weight bearing as 
in marked scoliosis and then only 1 sacro- 
iliac joint is affected as a rule and the 
rather sharp marginal osteitis does not 
resemble that produced by rheumatoid 
spondylitis. 

A condition, known as “osteitis con- 
densans ilii,” was described, according to 
Hare and Haggart,® by Sicard, Gally and 
Haguenau in 1926. Hare and Haggart* 
recently reported cases and reviewed the 
subject. It has only 1 resemblance to 
rheumatoid spondylitis and that is that 
osteosclerotic changes appear in the sacro- 
iliac joints. This condition is found 
almost exclusively in women. Roentgeno- 
logically dense sclerotic bone may obliter- 
ate the trabecule in the articular portion 
of the ilium and the portion of the ilium 
adjacent to the sacro-iliac articulations. 
The demarcation between normal and 
abnormal bone is distinct. The involve- 


t 

i 

a 

Oo 

| if 

t] 

| 

pe 

ti 

pe 

th 

ele 

sti 

cai 

if 

| or 

lov 

‘ 


RADIOLOGY 575 


ment is usually bilateral but it has been 
reported in only 1 joint. The etiology is 
unknown. The condition is rare, but when 
it does occur, it is frequently during or 
after pregnancy. It is characterized by 
recurrent attacks of chronic low backache. 
The sedimentation rate is never elevated. 
Its resemblance to rheumatoid spondylitis 
is superficial. 

Unilateral destructive changes in the 
sacro-iliac joints due to tuberculosis or 
osteomyelitis are seen at times. There is 
not much resemblance to rheumatoid 
spondylitis when this occurs. 

The roentgenologic manifestations of 
rheumatoid spondylitis, therefore, appear 
distinctive and do not seem to resemble 
closely those of any other conditions which 
involves the spinal column and sacro-iliac 
joints. The most important factors in 
the roentgenologic diagnosis of early 
rheumatoid spondylitis are close scrutiny 
of the sacro-iliac joints and the ability to 
recognize the early manifestations of the 
disease as it affects these joints. 

Boland and Present! have listed the 
following conditions under which rheuma- 
toid spondylitis should be suspected and 
it would be well if all physicians were well 
acquainted with these. 


“1. Suspect rheumatoid spondylitis when 
a young man complains of chronic recurrent 
or persistent low back aching and stiffness, 
with or without catching pains, especially 
if the sedimentation rate is elevated. 

“2. Suspect rheumatoid spondylitis in 
the young man who complains of such vague 
symptoms as a ‘tired feeling’ in the lower 
part of the back on standing and walking, 
persistent low back soreness, silent restric- 
tion of back motion, or indefinite sharp 
pains in the buttocks, hips or lower part of 
the back, especially if accompanied by an 
elevated sedimentation rate or general con- 
stitutional symptoms. 

“3. Suspect rheumatoid spondylitis in all 
cases of sciatica in young men, particularly 
if recurrent or alternating from side to side 
or associated with aching and stiffness of the 
lower back. 

“4, Suspect rheumatoid spondylitis in 


patients with thoracic girdle pains, especially 
if accompanied by symptoms in the lower 
part of the back. 

“5. Suspect rheumatoid spondylitis when 
persistent back symptoms develop in a 
patient with peripheral rheumatoid arthritis. 

“6. In the absence of roentgenographic 
evidence of sacro-iliac involvement an une- 
quivocal diagnosis of rheumatoid spondylitis 
should not be made unless characteristic 
changes are present in the apophyseal joints. 

“7, Remember tl at characteristic Roent- 
gen ray changes in the sacro-iliac or apophy- 
seal joints may not develop for months after 
the onset of symptoms. Do not eliminate 
the possibility of rheumatoid spondylitis on 
negative Roentgen rays alone unless per- 
sistent symptoms have existed for at least 
3 years. 

“8. Definite bilateral destructive and/or 
sclerotic changes in the sacro-iliac joints, 
noted roentgenographically, almost invari- 
ably indicate rheumatoid spondylitis. 

“9. Be cautious in making a diagnosis of 
rheumatoid spondylitis with unilateral sacro- 
iliac involvement unless other characteristics 
of the disease are present or unless peripheral 
rheumatoid arthritis coéxists. Persistent 
unilateral sacroiliitis may be due to tuber- 
culosis. 

“10. Calcification of the paravertebral 
ligaments may result from several causes 
and in itself is not sufficient evidence for 
the diagnosis of rheumatoid spondylitis; 
changes in the apophyseal and/or sacro- 
iliac joints must also be present. 

“11. Remember that the sedimentation 
rate may be normal in 15 to 20% of cases 
with active disease and that constitutional 
symptoms are usually milder than in rheu- 
matoid arthritis involving peripheral joints. 


Summary. The symptoms of early 
rheumatoid spondylitis are often mislead- 
ing. As a result the symptoms often are 
either dismissed as unimportant or are 
attributed to some other disease. 

Roentgenologic manifestations of early 
rheumatoid spondylitis are often suffi- 
ciently definite so that their presence alone 
provides sufficient evidence for a definite 
diagnosis of that condition or for con- 
firmation of the clinical impression that 
rheumatoid spondylitis is present, 
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Destructive changes in the sacro-iliac spondylitis, especially when there is bilat- 
joints are definite evidence of rheumatoid _ eral involvement. 
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BOOK REVIEWS AND NOTICES 


DIsEASES OF THE ADRENALS. By Louis J. 
Sorrer, M.D. Pp. 304; 42 ills.; 2 color 
plates. Phila.: ‘Lea & Febiger, 1946. 
Price, $5.50. 

Tuts is a systematic and interestingly 
written presentation of diseases of the 
adrenal glands. Physiologic and chemical 
studies are reviewed in such a way as to give 
an historical background and to bring up to 
date the experimental and clinical research 
which has permitted a scientific approach 
and understanding of the structural and 
functional changes seen in man. Certain 
practical features include the actual tech- 
niques of chemical methods used in clinical 
diagnosis. Case histories and many illustra- 
tions have been selected with a view to their 
usefulness to clinicians. This book can be 
highly recommended to those interested in 
theoretical and practical aspects of endo- 
crinology. I. Z. 


Hosprtat IN THE UNITED States. A 
Study of the Function of the General 
Hospital, Its Réle in the Care of All Types 
of Illness, and the Conduct of Activities 
Related to Patient Service, With Recom- 
mendations for Its Extension and Inte- 
gration for More Adequate Care of the 
American Public. By the Commission oN 
Hosprtat Care. Pp. 631; 94 tables, 58 
charts. New York: The Commonwealth 
Fund, 1947. Price, $4.50. 

Tue Commission of 22 members responsi- 
ble for this report, under the Chairmanship 
of Thomas 8. Gates of the University of 
Pennsylvania, was drawn from many fields: 
medicine, public health, hospital adminis- 
tration, nursing, dentistry, social agencies, 
education, agriculture, industry and labor. 
The director of the study was A. C. Bach- 
meyer, M.D. 

According to the report, our present rather 
haphazard development of hospital service 
will not meet our needs for the future; the 
base of hospital support must be broadened, 
and hospital service must be strengthened 
and made available for all. The Commis- 
sion completed a pilot study in Michigan. 


Its procedure, based upon this pilot study, 
has been adopted in 40 states where hos- 
pital surveys are under way. 

The report furnishes a plan for analyzing 
the hospital facilities and needs of any area 
and a program for integrating and extending 
hospital service to improve the organization 
and distribution of hospital care. Quanti- 
tative data are abundant and are reflected 
in the large number of tables and line charts. 
The statistical analysis of these data is fruit- 
ful and stimulating. 

The conclusions and recommendations are 
conservatively formulated. They encourage 
careful study and analysis of local conditions 
in each community rather than easy accep- 
tance of superficially conceived general 
formulas, a commendable feature of this 
report. The report will interest a wide 
group of civic minded citizens as well as the 
members of the professions most directly 
concerned. J. A. 


Sir W. Arsutunot Lang, Bart., C.B.,MS., 
F.R.C.P., His Lire anp Work. By W.E. 
Tanner, M.S., F.R.C.S. Pp. 192; 1 ill. 
Baltimore: Williams & Wilkins, 1946. 
Price, $4.50. 

Tue author of this handsomely written 
and fair-minded book probably over enthu- 
siastically places Lane “next to Lister on 
the scroll of the British pioneers of surgery.” 
Like all pioneers and like all great men who 
“always saw the good in people,” Lane was 
sometimes deceived both by theories and by 
people, and so was sometimes seriously mis- 
taken. Time has most conspicuously proved 
him wrong in his views upon intestinal stasis; 
but, as Mr. Tanner convincingly writes, now 
in 1946: “The real disorder may have been 
in the patient’s brain or vago-sympathetic 
system. By his brave and great experiment 
of colectomy, Lane has proved this. Let us 
be thankful that no lesser hand has shown 
this fundamental truth!” This tribute from 
one surgeon to another is more than loyal 
and understanding defense; it is sound and 
leads with admirable logic to the quotation 
from Carlyle that heads the Epilogue to this 


J 


excellent book: ‘The errors of a wise man 
are literally more instructive than the truth 
of a fool.” E. T. 


CusHNY’s PHARMACOLOGY AND THERA- 
PEUTICS. By ARTHUR GROLLMAN, South- 
western Medical College, and Donatp 
SLauGHTER, Univ. of South Dakota. 
13th ed. Pp. 868; 74 ills., Phila.; Lea & 
Febiger, 1947. Price, $8.50. 


In this edition of a classic text the two new 
editors have added large sections on recent 
drugs, making it the first pharmacology 
textbook to treat streptomycin and other 
antibiotics, folic acid, antihistamine com- 
pounds and the newer sulfonamides. These 
and other completely new sections are well 
written, clear, concise and _ up-to-date. 
They are responsible in large part for the 
value of the book as a text for student and 
physician. It is not only the newer drugs, 
however, which get such thorough treat- 
ment. The 31 page section on digitalis 
drugs has been revised to include the newer 
active principles in increasing usage today 
and a complete consideration of the clinical 
aspects of digitalis therapy illustrated with 
numerous electrocardiograms. Turning to 
other sections, however, one is somewhat 
disappointed to find the revision spotty and 
sometimes inadequate. Advances in our 
understanding of the mechanism of action 
and therapeutic use of some of the older 
drugs do not always find their way into the 
text. More stress on the clinical actions of 
drugs might be useful to the physician 


interested in rational therapy and better. 


annotated bibliographies would help the 
student interested in outside reading. On 
the other hand the index has been made 
larger and more complete and the concise 
listing of official preparations at the end of 
each section add much to the convenience 
of the book. S. K. 


GYNECOLOGICAL AND OBSTETRICAL PATHOL- 
OGY, WITH CLINICAL AND ENDOCRINE 
Retations. By Emm Novak, A.B., 
M.D., D.Sc. (Hon. Dublin), F.A.CS., 
Assoc. in Gyn., Johns Hopkins Medical 
School. Pp. 570; 542 ills.; 15 in color. 
2nd ed., Philadelphia and London: W. B. 
Saunders Co., 1947. Price, $7.50 


Tuts book was written both for practical 
value to the clinician and the pathologist. 
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The author is admirably qualified for his 
task since he is an accomplished clinician who 
has attained preéminence in the fields of 
both gynecological endocrinology and gyne- 
cological pathology. 

The new edition contains 75 more pages 
and 115 more illustrations than its pre- 
decessor. The recent developments in 
obstetrical and gynecological pathology are 
included with valuable appraisals of the 
vaginal smear in the diagnosis of uterine 
cancer and of the newer concepts concerning 
erythro-blastosis foetalis. 

Two outstanding portions of ‘the book are 
devoted carcinoma of cervix and to 
ovarian tumors. The microscopic diagnosis, 
or exclusion of early cervical malignancy, is 
presented lucidly and the accompanying 
illustrations are particularly clear. Perhaps 
it might appear that too much space is 
devoted to the special ovarian tumors—half 
of the section—and too little space to the 
commoner ones, but this apparent ‘over- 
emphasis is justified by recent great interest 
in the rare ovarian tumors and by the 
authoritative knowledge of this subject 
possessed by the writer. 

This volume is recommended to both the 
gynecological pathologist and the clinician 
because of its great informative value and 
its easy readability. 


HANDBOOK OF PHYSIOLOGY AND BIOCHEM- 
istry. By R. J. S. McDowatt, M.D., 
D.Sc., Professor of Physiology, Univ. of 
London, King’s College. 39th ed. Pp. 
898; 305 figs. Phila.: Blakiston, 1946. 
Price, $7.00. 


THERE are not many texts that have stood 
the test of time covering four years short of a 
century. Professor McDowall of King’s 
College has been the editor since 1930 when 
he succeeded Professor Halliburton, who was 
editor from 1896. 

This edition differs from the 38th in that 
the chapters on histology have been dras- 
tically reduced to sections on the relation of 
function to structure. 

This book is still unique in that it brings 
together information not found in single 
physiological or biochemical texts of a com- 
parable class. 

An interesting commentary on what 
should be omitted from a medical curriculum 
is made by the author, namely: “‘it will do 
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no harm if the student catches a fleeting 
glance of things he need ‘tidt:kaiow; for soon 
he will realize his knowledge of ‘Medicine 
generally must of necessity be most patchy 
and J. 8. 


A History or THE AMERICAN MEDICAL 
AssociaTION, 1847-1947. By Morris 
Fisapetn, M.D. With the Biographies of 
the Presidents of the Ass’n. By WALTER 
L. Brerrine, M.D., and with Histories of 
the Publications, Councils, Bureaus, and 
Other Official Bodies. Pp. 1226; 200 ills. 
Phila., and London: W. B. Saunders, 1947. 
Price, $10.00. 


Tuts work, in preparation for several years 
under the charge of a special committee of 
the Association, appropriately made its 
appearance just in time for the Centennial 
celebration of the Association. Big and 
weighty as the book is, it is none too large 
for the accomplishment. of its aim—as a 
record, in the words of the Publication Com- 
mittee, ‘of its founder, its founding, its 
ideals, its motivations and the extent to 
which these. have been accomplished over a 
period of 100 years.” This aim of giving a 
factual picture as detailed as possible of the 
largest and probably. the most influential 
medical society that the world has ever seen 
has been well carried out, so that the book 
will undoubtedly be permanently the stand- 
ard source of reference for those seeking 
information on this subject. It will be a 
necessary possession of every medical ref- 
erence library, as well as of most city, county 
and state medical societies. It is obvious 
however, that it cannot also serve the in- 
dividual to any gteat extent as pleasant 
continuous reading matter.’.As this type 
of reader and even ‘the general public are 
said to have been in mind, one wonders why 
objections to a format of two smaller volumes 
prevailed. 

The text contains much, especially that to 
do with the activities of the last. quarter 
century, that has not previously appeared in 
print. Following a brief biography of 
Nathan Smith Davis, who also wrote a 
history of the Association that he founded, 
comes Dr. Fishbein’s History, occupying 
almost half the volume. Though ‘the limi- 
tations of the factual record mentioned above 
are apparent here aselsewhere, the wellknown 
adroitness and literary ability of the author 
has kept them at a minimum. Parenthet- 


ically, one regrets that ‘Dr. Pepys” did not 
choose to lighten his narrative, even in this 
serigus production, with more of his free 
flowitig humor. He has woven into his 
account interesting considerations of such 
noe as the early troubles of the Association 
atid its reorganizations, Simmons as editor, 
quackery, the Journal, animal experimenta- 
tion, improvement of medical care, the trend 
toward socialization of medicine, ending with 
the recent trial by the U. S. Government. 
When the reader turns to the index to com- 
bine such material into connected reading 
units, its inadequacy—only 16 pages for 
both persons and subjects—is immediately 
felt. To the Reviewer this constitutes the 
most serious defect in the production. 
Especially for a work written primarily as a 
factual record, how can the numerous 
subjects, many turning up many times 
through the book, be adequately indicated 
in 8 pages? ‘“Nostrums,” for instance, 
appear in the subject index only as part of 
the title of a book, though actually receiving 
lengthy treatment in the libel suit section 
and several other places. Dr. Bierring’s 
biographical sketches of the 100 presidents. 
each accompanied by a portrait, occupy 
260 pages. Those of which the Reviewer has 
personal knowledge all. appear adequate; 
together they make a useful reference source. 
It is of interest, and an indication of the 
qualifications sought in candidates for this 
office as well as of the position of organized 
medicine in this country, that fewer than a 
third of those elected in the first half century 
were known to the Reviewer, whereas in the 
last half century more than half, at the 
moment at least, have claim to eminence. 
The remaining space in the book is occupied 
by brief accounts of the Councils and 
Bureaus of the Association, and its publica- 
tions, and various lists gathered into Ap- 
pendices. 

The preparation of the volume was 
delegated to W. B. Saunders Co., who have 
brought it out in a form worthy of both 
Association and publishing house. It is a 
creditable record of an organization that 
inevitably has had to struggle with many 
internal shortcomings; but this perhaps 
should not even be mentioned when they — 
have been so far outweighed by the many 
contributions to the advancement and 
elevation of the practice of medicine of this 
great Association. E. K. 
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Ru: Its Re.ation to HEMo- 
LYTIC DISEASE ANDTO INTRAGROUP TRANS- 
FUSION Reactions. By Epirs L. Porrer, 
M.D., Pu.D., Ass’t. Prof. of Pathology, 
Dept. of Obstetrics and Gynecology, 
Univ. of Chicago and Chicago Lying- 
in Hospital. Pp. 344; 65 ills., 16 tables. 
Chicago: Year Book Publishers, 1947. 
Price, $5.50. 

Tuts excellent monograph will prove 
valuable to the clinical laboratory, the blood 
bank, the obstetrician and pediatrician, and 
to the general clinician, in a field of great 
importance, the development of which has 
occurred almost entirely in the last few 
years. 

In a foreword, L. K. Diamond points out 
the exceptional qualifications of the author 
for the task she has undertaken and warmly 
endorses this work. The history of our 
knowledge of Rh is reviewed. The char- 
acterization of the various Rh antigen and 
antibodies and the resulting types as they 
occur in various races is set forth, and the 
different systems of terminology are com- 
pared and related. The description of the 
Hr factors and of the blocking antibodies is 
excellent and especially timely The eti- 
ology, symptomatology, diagnosis and path- 
ology of “Hemolytic Disease,” the name 
preferred by the author for what has often 
been called erythroblastosis foetalis, is 
presented in great detail in a chapter of 160 
pages, with excellent illustrations of blood 
changes and of gross and histological path- 
ology. The significance of the 8 Rh blood 
types in cases of disputed parentage is 
tabulated and briefly discussed. Pertinent 
laboratory techniques are assembled in a 
final chapter of 36 pages, with photographs 
and drawings of apparatus and of reactions. 
The bibliography contains 794 references, 
extending through at least November, 1946. 

While the important contributions of 
various workers in this field are utilized with 
due credit given, this work is a unified 
presentation of the subject based on the 
experience of the author and not a mere 
collection of observations froin the literature. 

Clinician, laboratory worker and student 
will find the currently available information 
with respect to this difficult and very im- 
portant field clearly and readably presented. 

J. A. 


War Stress aNp Neurotic By 
ApraM Karpiner, M. D., Assistant 


Clinical Professor of Psychiatry, Columbia . 


Univ., with the collaboration of HerBert 
SpreceL, M.D., formerly Major M.C., 
A.US., Instructor School of Military 
Neuropsychiatry, Mason General Hospital. 
Pp. 428; 3 tables. 2nd ed. New York: 
Paul B. Hoeber, 1947. Price, $4.50. 
Tus study, including 40 case reports, 
concerns the nervous syndrome consequent 
upon the stress of war, and variously known 
as traumatic neurosis, shell shock, battle 
fatigue, combat exhaustion, and so forth. 
Though the reason is not definitely known, 
there were relatively few “extreme hysterical 
abasias, paralyses, and the epileptiform types 
of traumatic neurosis in World War II.” 
Following the Introduction, the chapters 
are: The Soldier and His Job; Battlefield 
Psychiatry; The Acute Phase; Treatment of 
the Acute Phase; The Chronic Phase— 
Symptomatology; Analysis of the Sympto- 
matology; Development of the Effective 
Ego; Psychodynamics; Treatment of the 
Chronic Phase; Course, Prognosis, Dif- 
ferential Diagnosis; Forensic Issues. 
Symptoms of the acute phase are those 
of a cross-section, with the following pro- 
dromal manifestations: loss of appetite, 
carelessness, jumpiness, freezing to the 
ground, marked irritability, incapacity for 
relaxation and disturbed sleep; fear or terror 
sometimes follows. Then the subject may 
show confusion or depression. Symptoms of 
the chronic phase vary with the trends shown 
by the personality. Among the important 
findings are hypochondriasis, schizophrenia, 
transference neurosis, defensive ceremonials 


and tics, autonomic disturbances; psychoso- 


matic disorders, and the epileptic symptom 
complex. The section on the chronic phase 
includes the important additions found in 
the current edition, namely, the uses of 
barbiturates and hypnosis to render the 
subject more accessible; the former has the 
advantage of being an anesthetic, but the 
disadvantage of blunting the sensorium; 
the latter, renders the emotional tone more 
vivid and the reconstruction more effective. 
This collaborate study is a valuable con- 
tribution to our better understanding of the 
war stress neurosis. N. Y, 
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Tue TREATMENT OF DiaBETES MELLITUS. 
By Euuorr P. Josuin, A.M., M.D., 
Se.D., Clinical Professor of Medicine 
Emeritus, Harvard Medical School, Medi- 
cal Director, Baker Clinic, New England 
Deaconess Hospital. 8th ed. Pp. 861; 
6 ills.; 117 tables. Phila.: Lea & Febiger, 
1946. Price, $10.00. 


Tuis edition of the most complete text on 
diabetes follows the general outline of the 
preceding edition. ‘A new chapter on alloxan 

» diabetes affords the best review of this 
subject to date. Extensive revision of the 
chapters on the genito-urinary system and 
on pregnancy in diabetes is noted. Through- 
out the book the statistics, tables and ref- 
erences have been brought up to 1946, so 
that the large experience of this Clinic and 
a wealth of literature is made available in 
one volume. The 300 or more pages on 
complications and concurrent conditions are 
the only such comprehensive source of in- 
formation on the interrelation of diabetes 
and other diseases. 

One gains the impression that valuable 
nuggets are often concealed in this mine of 
information. Improved organization of the 
book as a whole, more detailed indexing and 
bibliographies with full titles after each 
chapter might be helpful. These thoughts 
for future editions occur to a reviewer who 
has profound admiration for what is accom- 
plished by this book. F. L. 


RapioLogy ror Mepicat Stupents. By 

F. 8. M.D., I. Lampg, M.D., and 

J. F. Hour, M.D., Univ.. of Michigan. 

Pp. 424; 103 ills. Chicago: The Year 

Book Publishers, 1947. Price, $6.75. 

Tue authors of this book have provided 
for the medical student a comprehensive, 
yet brief, insight into Radiology. The book 
is beautifully prepared on excellent paper 
with good print and excellent illustration 
and explanatory drawings. There are 15 
chapters, 7 of which are devoted to diagnostic 
Radiology, and the remainder to therapeutic 
Radiology. 

The modern physician employs Radiology 
in almost every specialty. It is, therefore, 
necessary that the medical student become 
conversant with the indications and limita- 
tions of z-ray diagnosis. Likewise, it is 
important for the medical student to be 
familiar with the various components of the 


atom and their effect upon tissue. The in- 


_ creasing use of radioactive isotopes in diag- 


nosis and therapy has extended into fields 


-other than Radiology. In fact, they are 


being used in almost every specialty in 
medicine. The authors of this book have 
kept this in mind in preparing their textbook. 
It is difficult to avoid being too enthus- 
iastic about this text. It is the type of text 
that will be exceedingly useful to every 
teacher in Radiology. E. P. 


ADVANCES IN CARBOHYDRATE CHEMISTRY. 
Vol. II. Edited by W. W. Pieman, B5S., 
A.M., Ph.D., Institute of Paper Chem- 
istry, Appleton, Wis.; M. L. Wo.trrom, 
A.B., MS., Ph.D., Ohio State Univ., 
Columbus, Ohio, and Sraniey Puxat, 
The University, Birmingham, England. 
Pp. 323. New York: Academic Press, 
1946. Price, $6.60. 

Wira this 2nd volume “Advances” be- 
comes international in scope. Four chapters 
are contributed by English chemists and 1 
each from France and Canada, while the re- 
maining 4 come from American authors. 

The following subjects are reviewed: 
Melezitose and Turanose, by C. S. Hudson, 
34 pages; The Chemistry of Anhydro Sugars, 
by S. Peat, 39 pages; Analogs of Ascorbic 
Acid, by F. Smith, 27 pages; Synthesis of 
Hexitols and Pentitols from Unsaturated 
Polyhydric Alcohols, by R. Lespieau, 11 
pages; The Interrelation of Carbohydrate 
and Fat Metabolism, by H. J. Deuel, Jr. and 
M. G. Morehouse, 43 pages; The Chemistry 
of Nucopolysaccharides and Mucoproteins, 
by M. Stacey, 39 pages; Bacterial Poly- 
saccharides, by T. H. Evans and H. Hibbert, 
29 pages; The Chemistry of Pectic Materials, 
by E. L. Hirst and J. K. N. Jones, 16 pages; 
The Polyfructosans and Difructose Anhy- 
drides, by E. J. McDonald, 24 pages; Cellu- 
lose Ethers of Industrial Significance, by 
J. F. Haskins, 14 pages. 

All authors are recognized specialists in 
their topics, and they present a concise sum- 
mary of present knowledge. The articles by 
Deuel and Morehouse, Stacey, and Evans 
and Hibbert in particular are of biochemical 
interest. Mucopolysaccharides and bacterial 
polysaccharides have been investigated 
actively in recent years, yet have not been 
the subjects of reviews elsewhere. The 
present reviews are, therefore, appropriate 
and timely. H. V. 
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PENICILLIN IN By A. 
Watxker, M.D., and Hersert C. Jonn- 
son, M.D. Pp. 204; 95 ills. Springfield, 


Ill:: Charles C Thomas, 1946. Price, - 


$5.00. 

Tuts is an excellent book containing all 
the latest information, as of 1946, on the 
use of penicillin in counteracting infection, 
both acute and chronic, in the central ner- 
vous system. Unfortunately, as is the case 
in all such publications, as new studies and 
improvements in the therapeutic use of any 
drug are made, the information rapidly 
becomes out-of-date. 

The treatment of acute or. chronic infec- 
tions of the central nervous system with 
penicillin faces at once the problem of the 
passage of the penicillin through the hemato- 
encephalic barrier, so that the drug reaches 
the cerebrospinal fluid and the substance of 
the central nervous axis. Even if penicillin 
does reach the cerebrospinal fluid in rather 
small amounts, its concentration may not 
be sufficiently high to affect the more re- 
sistant bacteria. For this reason intrathecal 
injection is necessary for certain diseases. 
In equivalent antibiotic amounts, calcium 
penicillin is much more toxie than sodium 
penicillin. 

The first chapters of this monograph out- 
line in considerable detail the difficulties in 
producing a sufficiently high eoncentration 
of penicillin in the cerebrospinal fluid and 
maintaining it, together with a description of 
the possible neurologic sequele of the intra- 
thecal use of penicillin. One important 
point, at least, is made clear and emphasized, 
namely, that intracisternal injection of pen- 
icillin is no more effective than lumbar 
puncture injection and that intraventricular 
injection of penicillin is no more effective 
than intracisternal, except in those rather 
rare cases in which a block between the ven- 
tricles and the cistern is present. 

Systemically, in the treatment of lues, 
Herxheimer-like reactions occur with pen- 
icillin therapy in about .10% of cases. 
Furthermore, with the parenteral adminis- 
tration of penicillin, subclinical alterations 
in brain function may occur during the 
giving of the drug in somewhat more than 
50% of the cases. Following intrathecal 
administration, meningeal reactions. take 
place with increase in the cell count of the 
spinal fluid, although the protein content is 
not altered. Parenchymatous reactions to 
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the lumbar introduction of penicillin in 


. laboratory animals consisted principally in 


a local radiculitis. Case histories are quoted 
to show that the same neurologic sequele 
occur in the human following intraspinal 
administration of penicillin. 

Reactions are also noted following cisternal 
or intraventricular injections of penicillin. 
An occasional convulsive phenomenon is 
recorded in the human and in a number of 
instances, there have betn definite changes 
in the electroencephalographic findings. 

The direct application of penicillin to the 
cortex, or its injection subcortically, in the 
experimental animal seemed to produce con- 
vulsive attacks and electroencephalographic 
changes from the involved cortical areas. 
The neuropathologic reactions to the intro- 
duction of penicillin into the central nervous 
system, the authors state, show that the 
relatively slight reaction of the meninges and 
brain tissue to the local application of pen- 
icillin is in keeping with the few clinical 
complications following intrathecal penicillin 
therapy, yet an arachnitis or radiculitis may 
be produced by the drug. That little, if 
any, histologic alteration is present in the 
cerebral cortex, in spite of the severe con- 
vulsive effects of the drug, is not surprising, 
for many convulsive agents exert their effect 
on the brain without constant demonstrable 
microscopic findings. 

As the first 5 chapters of this monograph 
appear to aim at emphasizing the bad effects 
of penicillin, one wonders whether the use of 
penicillin is justifiable. However, the second 
5 chapters are devoted to the clinical results, 
and the potential disasters following the use 
of penicillin in the treatment of infections of 
the central nervous system are, for the most 
part, ignored. 

The literature is carefully reviewed and 
very exact and detailed descriptions given of 
the methods for using penicillin, with or with- 
out sulfadiazine, inthetreatmentofmeningitis, 
brain abscess, and other acute and chronic 
infection: of the central nervous system. 
This is, to the Reviewer at least, the more 
interesting and valuable part of the ook. 
The text is clear and concise; the clinical 
examples, well chosen and presented; so that 
these chapters contain a mass of information 
which has been skillfully made available to 
the profession at large. The Reviewer 
strongly advises every neurosurgeon to read 
carefully Chapters 6 to 10 in this monograph. 
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A final chapter is devoted to the results 
with streptomycin and the other newer anti- 
biotics. With the exception of streptomycin, 
the other materials are so recently developed 
that but little information, other than from 
the laboratory, is available. 

This is an excellent monograph, carefully 
prepared and well annotated, as one would 
expect from its senior author. The labora- 
tory data are important in showing that, 
while penicillin is an extremely effective 
drug against certain organisms in sufficient 
concentration, nevertheless, its use in large 
amounts in the central nervous system is not 
without its dangers. The proper technique 
to be used is given in detail so that any of the 
unfortunate side effects, which seem to be 
inherent in the use of penicillin, can, for the 
most part, be avoided. The book is heartily 
recommended to all those who deal with in- 
fection in the central nervous system. F.G. 


NEW BOOKS 


Physikalische Medizin in Diagnostik und 
Therapie. By WourcanG Houzer, Pror. 
Dr. Mep. et Dr. Ina., Vorstand der 
Psychiatrisch - Neurologischen Universi- 
tatsklinik Graz. (Biicherei der Physika- 
lischen Medizin, Band II.) Pp. 769; 
379 ills. Vienna, Austria: Wilhelm 
Maudrich; New York: Grune & Stratton, 
1947. Price, $9.00. 

Neuropathology, Its Clinicopathologic Aspects. 
By I. Mark Scuernxer, M.D. Foreword 
by Tracy J. Putnam, M.D. Pp. 306; 208 
ills. Springfield, Ill.: Charles C Thomas, 
1947. Price, $6.75. 

Endoskopie der Harnréhre. By Dr. Ators 
GurnGar, Facharzt fur Urologie. (Weiner 
Beitriige zur Urologie, Band II.) Pp. 68; 
36 ills. Vienna, Austria: Wilhelm Maud- 
rich; New York: Grune & Stratton, 1947. 
Price, $4.00. 


Erkrankungen des Uropoetischen Systems und 
der Prostata Durch Stérung der Blutstré- 
mung. By Pror. Dr. Karu Hurtrer. 
(Wiener Beutrage zur Urologie, Band I.) 
Pp. 200; 40 ills. Vienna, Austria: Wil- 
helm Maudrich; New York: Grune & 
Stratton, 1947. Price, $4.00. 


Food Regulations and Compliance. By 
Artuur D. Herrick. Vol. 2. Pp. 655. 
New York: Revere Publishing Co., 1947. 
Price, $10.00. 


Hospital Care in the United States. By THE 
Commission ON Hosprtat Care. Pp. 631; 
94 tables; 58 charts. New York: Com- 
monwealth Fund, 1947. Price, $4.50. Re- 
viewed in this issue. 

Communal Sick-Care in the German Ghetto. 
By Jacos R. Marcus, Px.D., Adolph 8S. 
Ochs Prof. of Jewish History. Pp. 335. 
Cincinnati: The Hebrew Union College 
Press, 1947. Price, $2.50. 

Office Treatment of the Eye. By Extas SEuin- 
ceR, M.D., Attending Ophthalmologist, 
Mount Sinai, Cook County and Michael 
Reese Hosps. Pp. 542; 67 ills. Chicago: 
Year Book Publishers, 1947. Price, $7.75. 

The Medical Writings of Anonymus Londi- 
nensis. By W. H. 8S. Jonzs, Lirt.D., 
F.B.A. Pp. 168. Cambridge: The Uni- 
versity Press; New York: The Macmillan 
Company, 1947. Price, $2.75. 

Dying, Apparent Death and Resuscitation. 
By S. Jexuinex, M.D., Prof. of Electro- 
pathology, Univ. of Vienna, Laureat de 
l'Institut de France. Pp. 263. Baltimore: 
Williams & Wilkins, 1947. Price, $5.50. 


Pharmaco-therapeutic Notebook. By H. W. 
Tomsk, Diploma in Biochemical Analysis. 
Foreword by A. M.D., 
M.Sc., F.R.C.P. Pp. 280. Baltimore and 
London: Williams & Wilkins, 1947. 
Price, $4.50. 

The Rotunda Hospital. By O’Donnet T.D. 
Brown, M.B., M.A., M.A.O. (Univ. 
Dus.), F.R.C.P. (I.), F.R.C.0.G. Pp. 
296; 44 ills. Baltimore and London: Wil- 
liams & Wilkins, 1947. Price, $11.00. 

Nutritional Disorders of the Nervous System. 
By D. BSc., M.D. 
Wates), M.R.C.P. (Lonp.). Foreword 

by Grorce Rippocn, M.D., F.R.C.P. 
Pp. 280; 103 ills. Baltimore and London: 

- Williams & Wilkins, 1947. Price, $5.00. 

A Study of Individual Children’s Diets. By 
E. M. Wippowson, B.Sc., Px.D., Medical 
Research Council. Special Report Series 
No. 257. Pp. 196. London: His Majes- 
ty’s Stationery Office, 1947. Price, 6s 

A stupy of 1028 British children whose indi- 
vidual food consumption has been recorded, 
giving data under some 20 headings, such as 
calories, proteins, vitamins and so on—and on 
the diets of twins, diabetics, children of unem- 
ployed and their results. ‘‘The one outstanding 
fact, which has been brought out again and 
again by this investigation, is that similar 
individuals may differ enormously and unpre- 
dictably in their food habits.” 
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NEW EDITIONS 


Symptoms and Signs in Clinical Medicine. 
By E. Nosiz CHAMBERLAIN, M.D., MSc., 
F.R.C.P., Lecturer in Medicine, Univ. of 
Liverpool. 4thed. Pp. 463; 346 ills., 9 in 
color. Baltimore and London: Williams 
& Wilkins, 1947. Price, $8.00. 


Massage and Remedial Exercises in Medical 
and Surgical Conditions. By Noi. M. 
Sister-in-Charge, Red Cross Mas- 
sage Clinic, High Wycombe. 7th ed. 
Pp. 480; 190 ills. Baltimore and London: 
Williams & Wilkins, 1947. Price, $6.00. 


Developmental Diagnosis, Normal and Abnor- 
mal Child Development. By ARNOLD 
M.D., and Catuarine 8. Ama- 
TRuDA, M.D. 2nd ed. Pp. 496; 22 figs. 
New York: Paul B. Hoeber, 1947. Price, 
$7.50. 


The American Illustrated Medical Dictionary. 
By W. A. Newman Dortanp, A.M., 
M.D., F.A.C.\S. 21st ed. Pp. 1660; 
880 ills., including 233 portraits. Phila- 
delphia and London, W. B. Saunders, 
1947. Price, $8.00 without Thumb Index; 
$8.50 with Thumb Index. 
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A Textbook of Pathology. By 


Boyp, M.D., Prof. of Pathology and Bac- 
teriology of the Univ. of Toronto. 5th ed. 
Pp. 1049; 500 ills.; 30 color plates. Phila- 
delphia: Lea & Febiger, 1947. Price, 
$10.00. 

In the 4 years that have elapsed since the 
last revision, much new and important material 
has become available; accordingly the author 
has made many additions and revisions that 
add considerably to the textbook’s value, e. g., 
sections on the kidney in anoxia and in sulfona- 
mide poisoning; the lung in Léffler’s pneumonia. 
Material has been added on cardiac infarction, 
hypertension heart disease, the structure of the 


coronary arteries, and on many other topics. 
(M. McC.) 


An Introduction to Biochemistry. By 


LIAM Rosert Fearon, M.A., Sc.D., M.B., 
Prof. of Biochemistry, Univ. of Dublin. 
3rd ed. Pp. 569. New York: Grune & 
Stratton, 1947. No price given. 


Tuis revised edition of a brief, elementary 
text, which has been quite popular in England, 
is well organized and readable. The subject 
matter appears to recommend it largely for 
general undergraduate courses in biochemistry. 
While there are practical medical applications 
included, phases of the subject such as gas 
transport, acid-base, water balance, and metab- 
olism are not treated with the degree of detail 


this Reviewer would like to see in a modern 
text for medical students. The Bibliographies 
at the end of each chapter refer the reader 
practically solely to other texts and review 
articles. This device saves space and effort, 
but it leads to a dogmatic and compendium 
type of presentation. (D. D.) 


Internal Medicine in General Practice. By 
Rospert Pratt McComss, B.S., M.D., 
F.A.C.P. 2nd ed. Pp. 741; 122 ills. 
Philadelphia and London: W. B. Saunders, 
1947. Price, $8.00. 
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